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® There is provided with an optical recording mediunn having at least a dye-containing recording layer and a 
reflective layer laminated on a transparent substrate in this order, the mediunn having a reflectance of 65% or 
higher, measured through the substrate, to the light beam having a selected wavelength (XI) of from 770 to 830 
nm and having a reflectance of 15% or higher to the light beam having a selected wavelength (X2) of from 630 
to 690 nm, the medium being recordable and reproducible with a laser beam having the wavelength of XI and 
being reproducible with a laser beam having the wavelength of \2. 

The recording layer is required to have certain optical constants to the light beams having the wavelengths 
of XI and X2, respectively. To satisfy these conditions, the recording layer has a dye A having the absorption 
maximum at the wavelength shorter than 630 nm mixed with a dye B having the absorption maximum at the 
wavelength of from 630 to 900 nm. Alternatively, an interference layer is provided along with the recording and 
reflective layers. The recording layer is based on a phthaiocyanrne dye while the interference layer is based on 
an inorganic dielectric, a polymer, or an azo dye. The requirements for the interference layer are also provided. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to an optical recording medium having at least a dye-containing recording 

layer and a reflective layer formed on a transparent substrate. More particularly, the present invention 
relates to an optical recording medium which satisfies the Orange Book Standards for compact disc- 
recordable (hereinafter, referred to as CD-R), allowing recording and reproduction of information by using a 
laser beam having a selected wavelength of from 770 to 830 nm as well as allowing reproduction by using a 

w laser beam having a selected wavelength of from 630 to 690 nm, 

2. Description of the Related Art 

Conventional single-substrate recordable optical disc» CD-Rs» are disclosed in, for example, "Optical 

15 Data Storage 1989**, Technical Digest Series, VoL 1, 45 (1989), in which the medium has a recording layer 
of dyes, a metal reflective }ayer provided on the recording layer to improve the reflectance, and a protective 
layer provided on the latter. The recording layer of the media may contain cyanine dyes or phthalocyanine 
dyes of the type used In the present invention. Such recording media are available on the market as a 
compact disc-recordabte (CD-R). 

20 The CD-R medium is based on the Orange Book Standards and has a reflectance of 65% or higher to a 
beam having a selected wavelength (X1) of from 770 to 830 nm while absorbing the beam having the 
waveler^th XI. Information can frius be recorded on such a medium by using a semiconductor laser of 780 
nm. Conveniently, the recorded information can be reproduced through a commercially available CD player 
or CD-ROM player provided with a semiconductor laser o1 780 nm. 

25 On the other hand, optical recording media currently available have a recording capacity of only 650 
MB. A recording time is thus 15 minutes at maximum for recording a large volume of information such as 
dynamic digital images. In the recent trend of downsizing equipment, conventional recording density cannot 
provide a sufficient memory capacity as the medium becomes small. 

Quite recently, a semiconductor laser having a wavelength (X2) selected from 630 to 690 nm has been 

30 developed. This semiconductor laser is making it possible to achieve high-density recording and/or 
reproduction. It has been studied to develop, with this semiconductor laser, a high-derisity recording 
medium having 5-8 times the recording capacity of conventional media and to develop a CD player for such 
high-density recording media which is capable of reproducing information thereon. In particular, there have 
been studied systems capable of recording a rmvie of 2 hours or more in digital format- Road-only media 

35 and reproduction players for such systems are to be introduced into the market as digital video discs 
(DVDs). 

As one of this high-density recording media, there is a read-only medium having an aluminum reflective 
layer deposited on the pits formed in producing the substrate, as in the conventional CD and CD-RO^/l 
media. This read-only high-density recording medium has a reflectance of 70% or higher. It is thus 
40 necessary that a player capable of reproducing such high-donsity recording media is designed to have a 
capability of reproducing information on the read-only medium having the reflectance of 70% or higher. As 
a matter of course, this high-density player is desired to be abie to read conventional media such as CDs, 
CD-ROMs, and CD-Rs. 

Conventional CD and CD-ROM media are for read-only purpose, and the process of manufacturing 
45 them is the same as that for the above mentioned high-density read-only media. These media have a 
reflectance of 70% or higher and are thus applicable to the high-density player for reproduction. 

On the other hand, the conventior>al CD-R media currently available in the market have a reflectance of 
65% or higher to the light beam having a wavelength of about 780 nm and are applicable to a commercially 
available CD or CD-ROM player. However, these media have a reflectance of 10% or smaller when 
50 subjected to reproduction with a light beam having a wavelength (X2) selected from the range of 630-690 
nm. The degree of modulation is small and the reflectance of a recorded portion becomes larger than that 
of an unrecorded portion. This phenomenon is known as "low to high recording", in which the polarity is 
reversed from common CDs (high to low recording). In addition, a resultant reproduced signals have a large 
deformation. Due to these various disadvantages, It is difficult to play the conventional CD-R media by 
5$ using a player for high-density media with a laser beam having the wavelength (X2) selected from the range 
between 630 and 690 nm. 

For example, U.S. Patent No. 5,090,009 discloses a CD-R medium comprising a dye-containing 
recording layer, a reflective layer, and a protective layer laminated on a substrate in this order. This patent 
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also dfsctoses a medium having an interference layer provided between the substrate and the recording 
layer or between the recording layer and the reflective layer. In addition, it discloses optical constants as 
well as a film thickness of the recording layer to satisfy the CD starnjards (Red Book) and to enable 
recording. The media disclosed certainly absorb a portion of the light beam of 780 nm which is used for 

5 CDs. In addition, the reflectance of the media can be 70% or higher. The CDs are thus recordable and 
reproducible with the light beam of this wavelength. The '009 patent is, however, not directed to recording 
and reproduction with the Jight beam having the wavelength (X2) selected from the range between 630 and 
690 nm. In addition, there is no disclosure about the reflectance to the light beam having that wavelength, 
the optical constants of the recording layer, and an optical path length of the interference layer. The *009 

10 patent discloses various examples of the media having a recording layer of an indodicarbocyanine dye, of 
which some media have an interference layer made of an inorganic compound or a polymer, and others 
rrot. However, the media with the recording layer of the indodicarbocyanine dye have the reflectance of 
10% or lower to the light beam having the wavelength selected from the range between 630 and 690 nm. 
The recording is the low to high recording, in which the reflectance of the recorded portion is larger than 

15 that of the unrecorded portion. The reasons of this small reflectance are as follows; the optical characteris- 
tics of the dye used is highly dependent on the wavelengths. The above mentioned indodicarbocyanine dye 
has a significantly large absorption at from 600 to 750 nm when measured on the recording layer; and the 
CD-R medium has the optical constants (refractive index which is the value of the real part of the complex 
refractive index, and attenuation coefficient which is the absolute value of the imaginary part of the complex 

20 refractive index) and the film thickness designed to achieve a high reflectance to the light beam of around 
780 nm. This means that the reflectance is small at the wavelengths within the range between 630 and 690 
nm. In addition, the Examples 8 and 14 of this patent disclose media having a recording layer of f-butyl 
substituted phthalocyanine dye, which is different from phthalocyanine dye used as the recording layer of 
the present Invention, and an interference layer made of a polymer or an inorganic compound. Though the 

25 reflectance and the degree of modulation of these media satisfy the CO standards, a reproduced waveform 
has a large deformation when the signal recorded by pulse width modulation as in CDs is reproduced with 
the light beam having the wavelength (X2) selected from the range between 630 and 690 nm. The error rate 
and the jitter value become large, and the media thus cannot be played back by a player for the high- 
density, 

30 European Patent Laid-open No. 0 019 329 discloses a medium having a recording layer of VO- 
phthalocyanine dye, on which an Interference layer of celluk)se (300 nm) Is applied. The application Is, 
however, directed to improve the reflectance and the recording sensitivity to a specific single wavelength. 
The recording layer is not optimized to permit recording and reproduction with two light beams having the 
wavelength (XI) selected from the range between 770 and 830 nm and the wavelength (X2) selected from 

35 the range between 630 arKl 690 nm» respectively. For this medium, a reproduced waveform has a large 
deformation when the signal recorded by pulse width modulation as in CDs is reproduced with the light 
beam having the wavelength (X2) selected from the range between 630 and 690 nm. The error rate and the 
jitter value become large, and the media thus cannot be played back by a player for the high-density. 

U,S, Patent No. 5,124,067 discloses dyes similar to those used in the recording layer of the present 

40 invention. The patent also discloses several media using such dyes. Though satisfying the CD standards, 
the media disclosed in Examples 98, 100, and 102 of the patent provide a recording mode of low-to-high 
when reproduced with the light beam having the wavelength (X2) selected from the range between 630 and 
690 nm. In addition, the reflectance is 10% or lower. Furthermore, a reproduced waveform has a large 
deformation when the signal recorded by pulse width modulation as in CDs is reproduced with the light 

45 beam having the wavelength (X2) selected from the range between 630 and 690 nm. The error rate and ttie 
Jitter value become large, and the media thus cannot be played back by a player for the high-density, 

Japanese Patent Laid-open No. 3-281 287 discloses a medium having a recording layer of a mixture of 
dyes (A) and (B), in which the dye (A) has an absorption maximum of the longer wavelength at 780 nm and 
has such a complex refractive index that the absolute value of the imaginary part of the refractive index at 

50 780 nm is 0.2 or smaller; and the dye (B) is a trimethine cyanine dye having an absorption maximum at a 
wavelength shorter than the wavelength at which the dye (A) exhibits the absorption maximum. This 
medium is superior in durability and satisfies the CD standards. However, it Is not optimized for 
reproduction with the light beam having the wavelength (X2) selected from the range between 630 and 690 
nm. As apparent from the examples, the rate of the trimethine cyanine dye used is 50 wt,% and the rate of 

55 the pentamethine cyanine dye used is also 50 wt.%. The resultant medium thus has an excessively large 
absorption to the light beam having the wavelength (X2) selected from the range t>etween 630 and 690 nm. 
As a result, the reflectance becomes lower than 15%. and it is thus difficult to reproduce the recorded 
information by using a player for tiie high-density. 
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Japanese Patent Laid-open No. 6-336086 discloses a mediunn having a recording layer of a mixture of a 
trimethine cyanine dye and a pentannethine cyanine dye both of which have a specific structure. This 
medium is directed to recording and reproduction with the fight beams having the wavelength of 780 nm 
and 488 nm. A ratio of the trimethine cyanine dye and the pentamethlne cyanine dye is 1:10. With the 

5 larger rate of the pentamethine cyanine dye used, the resultant recording layer has an excessively larger 
absorption to the light beam having the wavelength (X2) selected from the range between 630 and 690 nm. 
As a results the reflectance becomes lower than 15%, and it Is thus difficult to reproduce the recorded 
information by using a player for the high-density. 

Japanese Patent Laid-open No, 6-40162 discloses a medium having a recording layer of a trimethine 

JO cyanine dye. This medium Is directed to recording and reproduction with the light beam having the 
wavelength of 630 nm. The recording layer has no absorption to the light beam having the wavelength of 
780 nm, so that the recording cannot be achieved with the light of this wavelength. 

Japanese Patent Laid-open No. 3-290835 discloses a medium provided with an interference layer made 
of a low molecuter weight organic compound between a recording layer and a reflective layer of an 

f5 aluminum alloy. This medium uses the aluminum alloy rather than expensive gold for the reflective layer, 
and has an interference layer to achieve the reflectance of 70% or higher at 780 nm. In this medium, the 
reflectance is certainly 70% or higher at 780 nm. However, the reflectance Is low to the light beam having 
the wavelength (\2) selected from the range between 630 and 690 nm, and it is thus difficult to reproduce 
the recorded information by using a player for the high-density. 

20 As mentioned above, there is no such an optical recording medium having at least a dye-containing 
recording layer and a reflective layer as has a reflectance of 65% or higher to the laser beam having the 
wavelength (X1) selected from the range between 770 and 830 nm, has high sensitivity, is superior in 
recording characteristics, can be played back by a commercially available CD or CD-ROM player, and as 
can be played back also by a player for high-density with a laser beam having the selected wavelength (X2) 

26 of from 630 to 690 nm. 

SUMMARY OF THE INVENTION 

The present inventors have made tremendous studies to develop a medium that satisfies the Orange 

30 Book Standards for CD-Rs (having a reflectance of 65% or hlgh^ to ^e light beam having the selected 
wavelength of from 770 to 830 nm and allowing recording and reproduction at that wavelength), and that 
can be recorded in a high-to-low recording mode without causing a deformation in a reproduced waveform 
when played back with the light beam having the selected wavelength of from 630 to 690 nm» and that the 
error rale and the iitter value are smalL The present invention was thus completed. 

35 According to the present Invention » there is provided with an optical recording medium having at least a 
dye-containing recording layer and a reflective layer laminated on a transparent substrate in this order, the 
medium having a reflectance of 65% or higher, measured through the substrate, to the light beam having a 
selected wavelength <X1} of from 770 to 630 nm and having a reflectance of 15% or higher, measured 
through the substrate, to the light beam having a selected wavelengtii (X2) of from 630 to 690 nm, the 

4o medrum thereby being recordable and reproducible with a laser beam having the wavelength of XI and 
being reproducible with a laser beam having the wavelength of K2. 

In addition, according to the present invention, there is also provided with a method of recording and 
reproducing information on ^d from an optical recording medium having at least a dye-containing 
recording layer and a reflective layer laminated on a transparent substrate In this order, the medium having 

45 a reflectance of 65% or higher, measured through the substrate, to the light beam having a selected 
wavelength (X1) of from 770 to 830 nm and having a reflectance of 15% or higher, measured through the 
substrate, to the light beam having a selected wavelength (X2) of from 630 to 690 nnn, the method 
comprising the steps of recording and reproducing information on and from the medium with a laser beam 
having the wavelength of XI and reproducing the information recorded at the wavelength XI from the 

50 medium with a laser beam having the wavelength of X2. 

The optical recording medium according to the present invention has a reflectance of 65% or higher, 
measured through the substrate^ to the light beam having a selected wavelength (XI) of from 770 to 830 nm 
and has a reflectance of 15% or higher, measured through the substi-ate, to the fight beam having a 
selected wavelength (X2) of from 630 to 690 nm. Typical CD and CD-ROM players commercially available 

65 are provided with a semiconductor laser having a wavelength around 780 nm. In addition, such players are 
so designed as to be applic^le to media having a reflectance of 65% or higher. The recording medium of 
tf>e present invention can thus be played back with a commercially available CD or CD-ROM player. On the 
other hand, there is no specific limitation on the reflectance of a medium reproducible with a player for 
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high-density which is provided with a laser having a selected wavelength (X2) from 630 to 690 nm. 
However, for detection of a signal from a medium on which information Is recorded by means of pulse width 
modulation as in CDs, It Is substantially impossible to detect the signal when a reflectance is significantly 
low, i.e., 10% or lower. It is thus impossible to reproduce such a signal. Further, the players for high-density 

5 are designed to reproduce information from a read-only medium having a high reflectance of 70% or 
higher. However^ a player capable of reproducing information from both a medium having a high reflectance 
of 70% or higher and a medium having a low reflectance can work only with the addition of a device to, for 
example, switch circuits depending on the reflectance due to a dynamic range of the reflectance. With 
respect to this, \K ts preferable that the reflectance to the light beam having a selected wavetengfri {\2) of 

10 from 630 to 690 nm is 15% or higher, and more preferably 20% of higher. 

DETAILED DESCRIPTION OF THE INVENTION 

The medium according to the present invention may be either one of the following two alternative types: 
15 (a) a medium having a dye-containing recording layer, and a reflective layer laminated in this order on a 
transparent substrate; or 

(b) a medium having a dye-containing recording layer, an interference layer, and a reflective layer 
laminated in this order on a transparent substrate or having an interference layer, a dye-containing 
recording layer, and a reflective layer laminated in this order on the transparent substrate. 
20 Next, each of the above mentioned two media is described more specifically. 

The transparent substrate used in the medium of type (a) according to the present invention preferably 
has a transmittance of 85% or higher to the light used for recording and reading signals, and has a small 
optical anisotropy. The transparent substrate may be, for example, made of a l<nown resin such as an 
acrylic resin, a polycarbonate resin, and a polyolefin resin, 
25 The substrate may be in the form of a plate or of a film, and may be disc-shaped or card-shaped. On 
the surface of the substrate may be a spiral track of successive shallow depressions (pre-groove) or pits to 
store the digital information in the length thereof. Though the pre-groove or pits are preferably formed in 
producing the substrate, they may be formed in an ultraviolet-curing resin layer formed on the substrate. 

+ 

In tiie present invention, optical characteristics of the dye-containing recording tayer in the atx)ve 
30 mentioned medium (a) are Important factors in respect to reflectance, recording sensitivity, and a degree of 
modulation. It Is preferable that the following relationships hold: 

n1 ^ 1.8, 
0.04^ k1 ^ 0.15, 
^5 n2 ^ 1 .6, and 

0.04 ^ k2 ^ 0,4, 

where nl is a value of the real part of the complex refractive Index of the recording layer to a light beam 
having a wavelength of XI , k1 is an ^solute value of the Imaginary part of the ccmplex refractive Index of 

4o the recording layer to a light beam of XI. n2 is a value of the real part of the complex refractive index of tiie 
recording layer to a light beam having a wavelength of X2, and k2 is an absolute value of the imaginary part 
of the complex refractive index of the recording layer to a light beam of X2. The absorbance of the 
recording layer is preferably from 0.03 to 0.3 to the light beam of XI , and from 0.03 to 0.5 to the light beam 
of X2. When nl is smaller than 1.8 or when k1 is larger than 0.15, It becomes difficult to achieve the 

45 reflectance of 65% or higher to the light beam of X1. On the contrary, when k1 is smaller than 0.04. the 
recording sensitivity to the light beam of XI is deteriorated. In addition, n2 smaller than 1,6 and k2 larger 
than 0.4 are not preferable in that they cause the reflectance to the light beam of X2 to be lower than 15%. 
There is no limitation on the minimum value of k2. However, it is preferable that k2 is 0.04 or larger in 
respect to the recording sensitivity to the light beam of X2 because it is desirable that the light beam of X2 

50 can be used for recording. When the recording layer has the absorbance smaller than 0.03 to the light 
beam of X1, the recording sensitivity to the light beam of XI is deteriorated. On the contrary, when the 
absorbance thereof exceeds 0.3, the reflectance to the light beam of X1 becomes lower than 65%. In 
addition, ^e absorbance larger than 0.5 to the light beam of X2 is not preferable in that it causes the 
reflectance to the light beam of X2 to be smaller than 15%. Though there is no limitation on the minimum 

55 value of the absorbance to the light beam of X2. it is preferable that the absorbance is 0.03 or larger in 
respect to the recording sensitivity to the light beam of X2 because it is desirable that the light beam of X2 
can be used for recording. 
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There is no limitation on the dyes used for imparting the above mentioned optica! characteristics to the 
recording layer. However, it is difficult to achieve such optical characteristics with a single kind of dye. With 
this respect, the present invention uses a dye A having the absorption maximum at the wavelength shorter 
than 630 nm mixed with a dye B having the absorption maximum at the wavelength of from 630 to 900 nm 
5 to Impart the above mentioned optical characteristics to the recording layer. It is preferable that the rate of 
the dye A is In a range from 80 wt.% to 99,9 wt.%, both inclusive, and the rate of the dye B is in a range 
from 0.1 wt.% to 20 both inclusive. The dyes A and B may be formed of two or more dyes. 

Specific examples of the dyes include phthalocyanine dyes, naphthatocyanine dyes, cyanine dyes, 
styryl dyes, merocyanine dyes, squarylium dyes, pyrylium dyes, anthraquinone dyes, naphthoquinone 
70 dyes, benzoquinone dyes, porphyhn dyes, azo dyes, dithiol metal complex dyes, indophenoi dyes, 
triphenylmethane dyes, xanthene dyes, indanthrene dyes, indigo dyes, oxazine dyes, thiazine dyes, acridine 
dyes, indoaniline dyes, and azulenium dyes. These dyes may contain a metal or metals. 

Of these, heptamethine cyanine, phthalocyanine, and naphthalocyanine dyes are preferable as the dye 
B having the absorption maximum at between 630 and 900 nm in that they have a large molar absorption 
?6 coefficient of the absorption maximum. Phthalocyanine and naphthalocyanine dyes are particularly prefer- 
able in that they exhibit remarkable resistance to light and moist heat. As the dye A having the absorption 
maximum at the wavelength shorter than 630 nm, monocarbocyanine (trimethine cyanine), porphyrin, 
tetraazaporphyrin, and azo dyes are preferable in that they have a large molar absorption coefficient of the 
absorption maximum. Of these, monocarbocyanine is particularly preferable in that it has a larger molar 
20 absorption coefficient of the absorption maximum. In addition, it is preferable that the dye having the 
absorption maximum at between 630 and 900 nm is compatible with the dye having the absorption 
maximum at the wavelength shorter than 630 nm because they can be coated with being dissolved in a 
solvent. The term "absorption maximum" used herein means the absorption maximum or the absorption 
close to the maximum one at the individual ranges. If there are two or more peaks, this term means the one 
25 having the largest wavelength. In addition, light absorption characteristics of the dyes depend on a state of 
association of molecules. The light absorption characteristrcs are also different between in a solution phase 
and a solid phase (film), and depend on concentrations. The absorption maximum wavelength in the present 
invention is the value obtained when measured on a film containing a single kind of dye. 

Specific examples of the monocarbocyanine (trimethine cyanine) dyes include those obtained by means 
30 of adding a substituent or substltuents to increase solubility to indocarbocyanine dyes, thiacarfcx>cyanlne 
dyes, quinooxacart)ocyanine dyes, quinocarbocyanine dyes, quinothlacarbocyanine dyes, selenacar- 
bocyanlne dyes, imidacarbocyanine dyes, and oxacarbocyanine dyes. The substituent may be alone or a 
combination of two or more. Examples of the substituent include an alky! group, an alkoxy group, a 
hydroxy I group, a carboxyl group, a halogen atom, an allyl group, an alkylcarboxyl group, an alkylalkoxy 
35 group, an aralkyi group, an attcylcarbonyl group, a sulfonate alkyi group bound with a metal ion, a nitro 
group, an amino group, an alkyI amino group, an aryl group, and phenyl ethylene group. 

Of these, preferable examples include 1,3,3,1*,3',3'-hexamethyh2,2'-(4,5,4',5*-dibenzo)indocarbocyanine 
perchlorate, 3,3'-diethyl-2,2*-(6,7,6*,7*-diben2o) thiacarbocyanineiodide, 3,3'-diethyl-2,2'-thiacarbocyanine io- 
dide, l,1'-diethyl-2,2'-quinocarbocyanine iodide, 3,3'-diethyl-2»2'-selenacarbocyanine iodide, 1 ,3*-cfiethyl- 
40 4,2'-quinooxacarbocyanjne iodide, 3,3\9'triethyl-2,2'-<^^5»4*5'-diben2o)thiacarbocyanine bromide, 1 J *- 
diethyl-2,4'-quinocarbocyanine iodide, and 1 ,3*-diethy 1-4,2' -qui nothiacarbocyanine iodide. 

The medium of type (b) according to the present invention is now described in detail. 

The medium (b) has a dye-containing recording layer, an interference layer, and a reflective layer 
laminated in this order on a transparent substrate or has an interference layer, a dye-contalnfng recording 
45 layer, and a reflective layer laminated in this order on the transparent substrate. The transparent substrate 
may be the same as the one used in the above mentioned medium (a). 

Optical characteristics of the dye-containing recording layer in the above mentioned medium (b) 
preferably hold the following relationships in respect to reflectance, recording sensitivity, and a degree of 
modulation: 

50 

n1'£1.a, 
0.04^ k1' ^ 0.15, 

n2* ^ 1.1, and 
Q.04 5 k2* ^ 0.6, 

55 

where nV is a value of the real part of the complex refractive index of the recording layer to a light beam 
having a wavelength of XI , k1 ' is an absolute value of the imaginary part of the complex refractive index of 
the recording layer to a light beam of X1 , n2' Is a value of the real part of the complex refractive index of 
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the recording layer to a light beam having a wavelength of X2, and k2* is an absolute value of the imaginary 
part of the complex refractive index of the recording layer to a light beam of X2. When nV is smaller than 
1.8 or when k1' is larger than 0.15. it becomes difficult to achieve the reflectance of 65% or higher to the 
light beam of xi. On the contrary, kV smaller than 0.04 deteriorates the recording sensitivity to the light 

5 beam of XI. In addition. n2' smaller than 1.1 and k2' larger than 0,46 are not preferable in that they cause 
the reflectance to the light beam of X2 to be lower than 15%, There is no limitation on the minimum value of 
k2\ However, it Is preferable that k2' is 0.04 or larger in respect to the recording sensitivity to the light 
beam of X2 because It is desirable that the light beam of X2 can be used for recording. 

A dye used in the recordir>g layer of the medium (b) may be any one of adequate dyes as lor^ as the 

70 optical constants (nl*. kV. n2', and k2') of the recording layer are in the above mentioned range. Examples 
of the dye include phthalocyanine dyes, polymethine dyes, cyanine dyes, azo dyes, and naphthoquinone 
dyes. The phthalocyanine dyes are preferable in respect to light resistance and durability of the dyes. In 
addition, a phthalocyanine dye represented by the general formula (1) is most preferable in respect to the 
above mentioned optical constants and the recording sensitivity of the recording layer, and recording 

15 characteristics such as a degree of modulation, deformation of a reproduced waveform, an error rate, and a 
jitter value: 



20 



25 



30 



UL 




^l^£ 2 



(1) 



^^2 \t 




35 wherein M rs two hydrogen atoms, metals, metal oxides, or metal halides; Y1, Y2, Y3, and Y4 each are 
oxygen or sulfur; 21, Z2, 23» and Z4 each are a hydrocarbon group having from 4 to 12 carbon atoms or a 
group having from 4 to 1 2 carbon atoms and one or more atoms of at least one element selected from the 
group consisting of oxygen, nitrogen, sulfur and halogen; XI, X2» X3, and X4 each are a halogen, li , I2, U. 
and U each are 1 or 2; and mi « m2» m3^ and nu are each an integer of from 0 to 3, 

40 Specific examples of M of the phthalocyanir>e dye represented by the above general formula (1) Include 
divalent metals such as Cu, Pd, Ni» Mg, Zn» Pb, and Cd; metal oxides such as VO: and metal halide such 
as AlCf, On the other hand, Z1, Z2, Z3, and Z4 each are a non-substituted or substituted hydrocarbon 
group having from 4 to 12 carbon atoms. Specific examples thereof include saturated hydrocarbons such as 
a butyl group, a pentyl group, a hexyl group» a heptyt group, an pctyi group, a nony^ group, a decyl group, 

45 a dodecyl group, a cyclohexyl group, and a dimethylcyclohexyl group; and unsaturated hydrocarbon groups 
such as a butenyt group* a hexenyl group, an octenyl group, a dodecenyl group, a phenyl group, a 
methylphenyl group, a butylphenyl group, and a hexylphenyl group. These hydrocarbons may be linear or 
branched. In addition, these hydrocarbons may be substituted by a halogen, an amino group, or an ether 
group. Even in the case where the hydrocarbon rs substituted by amino or ether groups, the total number of 

50 carbons in Z^ through Za. is from 4 to 12. The halogen represented by XI, X2, X3. and X4 may be, for 
example, fluorine, chlorine, bromine, and iodine. 

There is no limitation on the position of the above mentioned substituents, XI through X4 and Y1 
through Y4, bound to the benzene ring forming phthalocyanine. In addition, four benzene rings in one 
molecule may have different types and numbers of substituents. 

55 Specific examples of the phthalocyanine dyes are as follows: 
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More specif icatty, examples of the phthalocyanine dyes are those disclosed in U,S. Patent Mo. 
30 5,124,007, which is hereby irK:orporated by reference- 
Next, an interference layer used in the medium (b) is described. 

The film thickness of the interference layer affects not only the reflectance but also the recording 
characteristics such as the degree of modulation and the recording sensitivity. In the present Invention, the 
film thickness of the interference layer depends on the material used therefor ranging from 30 - SOOnm, 

$5 preferably 50 - 300nm. Provided that the refractive index of the Interference layer is ni and the film 
thickness is di (nm), it is preferable that ni x di is in a range from 100 to 300 to the light beams having the 
wavelengths of xi and X2, respectively. When nt x di is smaller than 100» the reflectance to the light beam 
having the wavelength of X2 becomes lower than 15% and the degree of modulation is small. On the 
contrary, when the ni x di is larger than 300, the reflectance to the light beam having the wavelength of X1 

40 becomes lower than 65% and the recording sensitivity may somettmes be deteriorated depending on the 
type of the material used for the interference layer 

The nr^terial used for the interference tayer may be, for example, an inorganic dielectric, a polymer, or 
a dye. More specifically, the inorganic dielectric may be, for example, an oxide or a nitride of Si» Al, Ti, Ta, 
Zr, So, Hf , and Y and others; or a sulfide of Zn, Cd, and Sn and others. These materials may be used alone. 

45 Alternatively, a combination of a plurality of these materials may be employed. 

The polymer may be, for example, a thermoplastic resin or a thermosetting resin. Specific examples of 
the polymer include acrylic resins, polyvinyl acetate resins, vtnylpyrrolidone resins, vinyl alcohol resins, 
butyral resins, formal resins, cellulose resins, silicone resins, polysHoxane resins, phenol resins, and 
polyimide resins, and copolymers thereof. 

50 The above mentioned inorganic dielectric and polymer are normally transparent to the light beams of XI 
and \2, and have a similar refractive index. 

On the contrary, the light absorption characteristics and the refractive index to the light beams of XI 
and X2 are different from dye 1o dye when a dye or dyes are used for the Interference layer. It is apparent 
that the value of ni x di should meet the above mentioned conditions to the light beams of different 

55 wavelengths of XI and X2, wherein ni represents a value of the real part of the complex refractive index In 
addition, the light absorption characteristics are also important to take the possible effect of the present 
invention. An excessively large absorbance prevents the interference layer from having a desired reflec- 
tance. Considering the reflectance, it is preferable that the absolute value of the imaginary part of the 
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complex refractive index of the dye is 0.15 or smaller to the light beam of K1 and is 0.2 or smaller to the 
light beam of X2. 

Though there is no specific limitation on the dye used as long as it meets the above mentjoned 
conditions* it is preferable to use the one having the maximum absorbance at shorter wavelength Uian 630 

5 nm, and having a high refractive Index at from 630 to 830 nm and a smaller absorbance at that wavelength 
range. Specific examples of such dye include cyanine dyes, squaryllum dyes, azo dyes, porphyrin dyes, 
and tetra-azaporphyrin dyes. Of these, the azo dyes are preferable in respect to faciJity of film preparation 
and durability. Further, tlie azo dye, which may be a mixture of two or more dyes, represented by the 
following general formula (2) or a metal complex of that azo dye are most preferable in respect to recording 

70 characteristics such as a degree of modulation, deformation of a reproduced waveform, an error rate, and 
jitter value: 



75 




(2) 



20 

wherein A is a residue forming a heterocyclic ring along with the nitrogen and carbon atoms bonded 
therewith; B is a residue forming an aromatic ring along with two carbon atoms bonded therewith; and X is a 
group having an active hydrogen. 

More specifically, the residue forming the heterocyclic ring represented by A in the azo dye of the 

25 above general formula (2) may be, for example, a thiazole ring, a benzothiazole ring, a pyridobenzothiazole 
ring, a benzopyridothiazole ring, a pyridothiazofe ring, a pyridine ring, and a quinoHne ring. It is preferable 
that this residue is either the pyridine ring or the thiazole ring. 

These heterocyclic rings preferably have one or more substltuents. Specific examples of the substituent 
include an alkyi group, an alkyi halide group, an aryl group, an alkoxy group, an alkoxy hallde group, an 

30 aryloxy group, an alkylthio group, an alkylthio halide group, an arylthio group, an arafkyi group, a halogen 
atom, a cyano group, a nitro group, an ester group^ a carbamoyl group, an acyl group, an acylamino group^ 
a sulfamoyl group, a sulfonamide group, an amino group, a hydroxyl group, a phenylazo groups a 
pyridinoazo group, and a vinyf group. These substituent may optionally have a substituent or substituents. 
Examples of the preferable substituent for the heterocyclic ring include: an aikyl group having from 1 to 15 

35 carbon atoms and optionally having a substituent or substituents, a fluoroalkyi group having from 1 to 15 
carbon atoms and optionally having a substituent or substituents, an alkoxy group having from 1 to 25 
carbon atoms and optionally having a substituent or substituents, a halogen atom, a cyano group, a nitro 
group, an alkylthio group having from 1 to 15 carbon atoms and optionally having a substituent or 
substituents, a fluoroalkylthio group having from 1 to 15 carbon atoms and optionally having a substituent or 

40 substituents, an alkylsulfamoyi group having from 1 to 15 carbon atoms and optionally having a substituent 
or substituents, a phenylsulfamoyi group having from 6 to 20 carbon atoms and optionally having a 
substituent or substituents, a phenylazo group optionally having a substituent or substituents, a pyridinoazo 
group optiortally having a substituent or substituents, an ester group having from 2 to 16 carbon atoms, a 
carbamoyl group having from 2 to 16 carbon atoms, an acyl group having from 2 to 16 carbon ^oms, an 

45 acylamino group having from 2 to 15 carbon atoms, a sulfonamide group having from 1 to 15 carbon atoms, 
-NR^R2 (R* and R^ each are a hydrogen atom, an alkyi group having from 1 to 15 carbon atoms and 
optionaiiy having a substituent or substituents, or a phenyl group optionally having a substituent or 
substituents. in which and optionaiiy forming a five- or six-membered ring), a hydroxyl group, 
C(CN)R* {R^ is a hydrogen atom or an alkyi group having from 1 to 6 carbon atoms, and R* is a 

50 cyano group or an alkoxycarbonyl group having from 2 to 7 carbon atoms). The above mentioned alkyi 
moiety may be sulfonated, nitrated, cyanated, hafogenated. acetylated, or hydroxylated. 

Examples of the residue forming the aromatic ring represented by B in the general formula (2) include a 
benz^e ring, a naphthalene ring, a pyridone ring, a pyridine ring, and a pyrazole ring. It is preferable that 
the aromatic ring is a benzene ring, and particularly the tsenzene ring substituted by at least one electron 

55 donating group. Examples of such substituent include an alkyi group, an alkyi halide group, an aryl group, 
an alkoxy group, an afkoxy halide group, an aryioxy group, an alkylthio group, an alkylthio halide group, an 
arylthio group, an aralkyi group, a hak)gen atom, a cyano group, a nitro group, an ester group, a carbamoyl 
group, an acyl group, an acylamino group, a sulfamoyl group, a sulfonamide group, an amino group, a 
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hydroxyl group, a phenylazo group, a pyridinoazo group, and a vinyl group. These substituents optionally 
have a substituent or substituents. Preferable examples of the substltuent for the aromatic ring include an 
alkyi group having Irom 1 to 15 carbon atoms and optionaUy having a substituent or substituents, a 
fluoroalkyi group having from 1 to 15 carbon atoms and optionally having a substituent or substituents, and 

5 alkoxy group having from 1 to 25 carbon atoms and optionally having a substituent or substituents, a 
halogen atom, a cyano group, a nitro group, an alkylthio group having from 1 to 15 carbon atoms and 
optionally having a substituent or substituents, a fluoroalkylthio group having from 1 to 15 carbon atoms and 
optionally having a substituent or substituents, an alkylsulfamoyi group having from 1 to 15 cartjon atoms 
and optionally having a substituent or substituents, a phenylsulfamoyl group having from 6 to 20 carbon 

10 atoms and optionally having a substituent or substituents, a phenylazo group optionally having a substituent 
or substituents, a pyridinoazo group optionaUy having a substituent or substituents, an ester group having 
from 2 to 16 carbon atoms, a carbanoyl group having from 2 to 16 carbon atoms, an acyl group having 
from 2 to 16 carbon atoms, an acylamino group having from 1 to 15 cartx>n atoms, a sulfonamide group 
having from 1 to 15 carbon atoms, -NR^R^ {W and each are a hydrogen atom, an alkyJ group having 

75 from 1 to 15 carbon atoms and optionally having a substituent or substituents, or a phenyl group optionally 
having a substituent or substituents, in which and optionally forming a five- or six-membered ring), a 
hydroxyl group, -CR^ = C(CN)R* (R^ is a hydrogen atom or an alky I group having from 1 to 6 carbon atoms, 
and R* is a cyano group or an alkoxycarbonyl group having from 2 to 7 carbon atoms). Particularly 
preferable examples of the electron donating group include a monoalkylamino group having from 1 to 8 

20 carbon atoms and optionally having a substituent or substituents, a diafkylamino group having from 2 to 8 
carbon atoms and optionally having a substituent or substituents, an aJkoxy group having from 1 to 8 carbon 
atoms and optionally having a substituent or substlkients, an alkyi group having from 1 to 8 carbon atoms 
and optionally having a substituent or substituents, an aryloxy group having from 6 to 12 carbon atoms and 
optionally having a substituent or substituents, an aralkyi group having from 7 to 12 carbon atoms and 

25 optionally having a substituent or substituents, a carbamoyl group, an amino group, and a hydroxyl group: 
The above mentioned alkyI moiety may be sulfonated, nitrated, cyanated. halogenated, acetyJated, or 
hydroxy lated. 

The group X of the azo dye represented by the general formula (2) may be any group and is not limited 
to a specific one as long as it has an active hydrogen. Preferable examples of the group X include -OH, 

30 -COOH. - SO3H, -B{0H)2, -NHS02R^ (R^ is a hydrogen atom, an alkyI group having from 1 to 25 carbon 
atoms and optionally having a substituent or substituents, or a phenyl group optionally having a substituent 
or substituents), -CONH2, -SO2NH2. and - NH2. Particularly preferable groups are -OH, -COOH, -SO3H, and 
-NHS02R^ (R^ rs the same as above). When X is a group to be dissociative into an anion such as -OH, 
-COOH and -SO3H, this group may be used as a salt with a cation, white it may be used as it is, to form an 

35 azo metal complex compound. Examples of the cation applicable include inorganic cations such as Na^, 
Li+, and and organic cations such as P^(C6H5)4, N*(C2H5)4» N'^(C4H9)+, and C&H5N^(CH3)3. 

In the present invention, the above mentioned azo dyes are used in the form of a metal complex. The 
metal having a capability of forming a complex with the azo dye may preferably be, for example, transition 
metals such as Ni, Go, Fe, Ru, Rh, Pd, Cu, Os, Ir, and Pt, Of these* Ni, Co. Cu, and Pd are particularly 

40 preferable. These metals are used in the form of acetate, halides or BF^~ salt, and are coordinated as a 
complex with an azo compound in the form of Ni^*, Co^"*^, Co^+, Cu^"^, and Pd^^. The azo-metal complex 
compound may be used alone. Alternatively, a combination of two or more such compounds may be 
employed. 

The metal complex of the azo dye used in the present invention may be synthesized according to a 
45 method disclosed in, for example, "Analytica Chemk^a Acta 140" (1982), by Furukawa, pages 281-289. 

Preferable examples of the metal complex of the azo compound used in the present inventron include 
metal complex compounds of Ni^^, Co^^, Co^"^, Cu^^, and Pd^* etc with azo dyes such as: 
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Specific examples of those compounds are those disclosed in Japanese Patent Publication No. 5-67438 
and Tabie 1-9 of International Patent Laid-Open No. WO91/18950, which is hereby incorporated by 
reference. 

A method of producing a pr^ium according to the present invention is described now. 
45 Irt the present invention, the recording layer is deposited on a transparent substrate. The deposition of 
the recording layer may be achieved through any one of adequate methods including spin coating, dip 
coating, spray coating, and vacuum deposition. Of these, the spin coating is preferable in respect to its 
simplicity. 

When attempting to deposit the recording layer by means of the spin coating, It should be considered 
60 to avoid any damages to the substrate in choosing the solvent used. The solvent may preferably be a non- 
polar solvent or a polar solvent. Examples of the non-polar solvent include aliphatic or alicyclic hydrocarbon 
solvents such as hexane. heptane, octane, methylcyclohexane» ethylcyclohexane, dimethylcyclohexane, 
trimethylcyclohexane, propylcyclohexane, and cyclooctane, and ether solvents such as dipropylether and 
dibuthylether. Examples of the polar solvent include alcohol solvents such as etiiyl alcohol, propyl alcohol, 
55 butyl alcohol, furfuryl alcohol, ethylene glycol monomethyl ether, ethylene glycol monoelhyl ether, and 
tetrafluoropropanoL Of course, these solvents may be mixed with aromatic hydrocarbons such as toluene, 
xylene, and propylbenzene, ester solvents such as ethyl acetate, butyl acetate, amyl acetate, and ethylene 
glycol monoethyl ether acetate, ketone solvents such as methyl ethyl ketone, methyf isobutyl ketone, and 



13 



BNSDOCID: <EP. 



.0676761A1J_> 



EP 0 676 761 A1 



cyclohexanone, halogen-containing solvents such as chloroform, carbon tetrachloride, and methyl chlo- 
roform, and ether solvents such as dioxane. and tetrahydrofuran. in an amount not causing a damage to the 
substrate. Considering the solubility to these solvents, it is preferable that each group represented by Z1, 
22, Z3» and Z4 of the phthalocyanine dye having the above general formula (1 ) is a group having from 6 to 

6 12 carbon atoms. The recording layer may be heated to dry the solvent after being deposited on the 
substrate through the spin coating. 

In depositing the recording layer, the dye may be added with, if necessary, additives such as 
quenchers, thermal decomposition promoters for the dye, ultraviolet absort>ers, and adhesive. Alternatively, 
a substltuent having such functions may be introduced into the dyes. 

10 Preferable examples of the quencher include metal complexes based on acetyl acetonate, bisdithiol 
such as bisdithiO'cr-diketone, and bisphenyldithiol, thIocatechoL salicylaldehyde oxime, and throbisphenolate. 
In addition, amine-based complexes may also be used preferably. 

There is r>o specific limitation on the thermal decomposition promoter as long as promotion of thenmal 
decomposition of the dye can be determined by means of thermogravimetric analysis (TG analysis). The 

75 thermal decomposition promoter may be, for example, a metal compound such as a metallic anti-knocking 
agents a metallocene compound, and an acetylacetonato metal complex. 

In the deposition of the recording layer, a binder may be added thereto, if r^ecessary. Preferable 
examples of the binder include nitrocellulose, cellulose acetate, ketone resins, acrylic resins, poly(vinyl 
buthyral), polycarbonate, and polyolefin. A dye or dyes other than those described above may be added to 

20 the recording layer in order to improve the recording charact^istics. 

The dyes may preferably be coated through the following method. More specifically, the light absorbing 
dye Is dissolved into a solvent at a rate of 0.05 to 30% by weight, preferably 0.5 to 20% by weight. The 
resultant solution is coated with a spin coater. A film thickness of the recording layer is from 70 to 300 nm, 
and preferably from 80 to 250 nm, considering the degree of modulation and the reflectance. It is apparent 

25 that the excessively small film thickness inherently causes thermal radiation to a metal reflective layer 
described below, sometimes causing deterioration of the sensitivity. The film thickness is determined such 
that the recording layer has a proper absorbance to the light beams having the selected wavelengths of 
from 630 to 690 nm and from 770 to 830 nm. 

In depositing the recording layer on the substrate, a layer of an inorganic compound or of a polymer 

30 may be provided on the substrate to impnDve chemical resistance, reflectance, and recording sensitivity of 
the substrate. 

The interference layer according to the present invention may be deposited through, for example, spin 
coating, dip coating, spray coating, vacuum deposition, or sputtering. 

When attempting to deposit the interference fayer by means of the spin coating, it should be 

35 considered to avoid any damages to the recording layer in choosing the solvent used. The solvent may 
preferably be a non-polar solvent or a polar solvent. Specific examples of the solvent are as same as those 
described in conjunction with the recording layer. In the medium having the interference layer, two tayers, 
i,e., the recording layer and the interference layer, may be deposited through spin coating. In this event, a 
polar solvent is used for the deposition of the interference layer when a non-polar sotvent is used for the 

40 deposition of the recording layer. Likewise, when a polar solvent is used for the deposition of the recording 
layer, the interference layer is deposited with a non-potar solvent. To deposit an interference layer 
containing a dye or dyes, additives such as quenchers* ultraviolet absorbers, and adhesives may be used if 
necessary. Alternatively, a substituent having such functions may be introduced into the dyes. 

In the present invention, a reflective layer is provided on the recording layer for the medium (a) and on 

46 either the interference layer or the recording layer for the medium (b). The reflective layer may be 
deposited through, for example, vacuum deposition or sputtering. Preferable examples of the material of the 
reflective layer include metals having a high reflectance to the light beams of XI and X2. The material may 
be, for example, metals such as Au, Ag^ AL Cu, and Pt and alloys containing these metals. Of these, gold is 
preferable in respect to the reflectance and the durability. Of course, other metal or metals may be added 

BO thereto in a small amount- An amount of other metals added is 10% or less, preferably 5% or less, and 
more preferably 2% or less. The film thickness of the reflective layer is typically from 40 to 300 nm, and 
preferably from 60 to 200 nm. 

In the present invention, a protective layer may be provided on the reflective layer or two media may be 
adhered to each other to protect the reflective layer 

65 The protective layer may be formed through, as for the recording layer, coating such as spin coating 
and casting, sputtering, or chemical vapor deposition. Alternatively, a film or a substrate may be adhered. 
Of these methods, the spin coating is preferable, 
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A material of the protective layer is not limited to a specific one as long as it can protect the reflective 
layer from an external force. Examples of organic compounds to be applicable as the protective layer 
include thermoplastic resins, thermosetting resins, and ultraviolet curing resins. Of these, the ultraviolet 
curing resins are preferable. Alternatively, the protective layer may be formed of an inorganic materiaL 

5 Examples of such inorganic materials Include Si02. SIN*, MgF2. and Sn02. The thermoplastic resins and 
the thermosetting resins may be dissolved into an adequate solvent to prepare a coating solution, which is 
then applied to the reflective layer and dried thereon as a protective layer. The ultraviolet curing resins may 
be as it Is or dissolved into em adequate solvent to prepare a coaling solution. This coating solution Is then 
applied to tt>e reflective layer, to which an ultraviolet ray is irradiated to cure the resin, thereby forming the 

10 protective layer. Examples of the ultraviolet resin include acrylate resins such as urethane aery fate, epoxy 
acrylate» polyester acrylate and epoxy resins. In addition, sillcone-based hard coating resin may be used. 
These resins may be used alone or in the form of a mixture. Further, the resin may be laminated into a 
multf-layer structure rather than a single layer of the film. 

In addition, an ultraviolet curing resin or an inorganic thin film may be formed on a mirror-surface side 

75 of the substrate to protect the surface and to prevent adhesion of dust. 

The optical recording medium according to the present invention so obtained may be recorded or 
played back by means of focusing a laser beam onto the recording layer. A signal used upon recording 
may be, for example, an EFM modulated signal used for CDs, The medium according to the present 
invention has a recording layer with the dye having absorption at a wavelength of around 770 to 830 nm. In 

20 this medium, the reflectance of 65% or higher can be achieved to the light beam having the selected 
wavelength of from 770 to 830. The information can thus be recorded and reproduced with a laser beam 
having a wavelength of around 780 nm. In addition^ the recorded information may be reproduced by using a 
commercially available CD or CD-ROM player. The characteristics of the reproduced signal well satisfy the 
CD-R standards, or the Orange Book Standards. Further, the reflectance of 1 5% or higher can be achieved 

S5 to the light beam having a selected wavelength of from 630 to 690 nm. The information on the medium of 
the present invention may thus t>e reproduced by using a player for high-density» in which a laser of a 
selected wavelength of from 630 to 690 nm is mounted. Though the light beam used for the players for 
high-density has a wavelength of from 630 to 690 nm, a laser used for practical applications have a 
wavelength of, for example, around 635 nm, 650 nm or 680 nm. The medium according to the present 

30 invention has absorption at 630 to 690 nm, so that information can t>e recorded thereon by using a light 
beam having a selected wavelength of from 630 to 690 nm. 

The foregoing features of the present invention will be more fully apparent in the context of a 
specifically delineated set of examples and comparative examples. However, It should be understood that 
the present invention is not limited to those particular examples as long as it does not depart from the spirit 

35 and scope of the appended claims. 

EXAMPLE 1 

As a dye to form a recording layer, 0.2 g of trimethine cyanine dye NK3239 (produced by Nippon 
40 Kanko Shikiso Kenkyusho KK) represented by the following formula (3) and 0.01 g of pentamethine cyanine 

dye NK2929 (produced by Nippon Kanko Shikiso Kenkyusho KK) represented by the following formula (4) 
were dissolved into 10 ml of 2,2,3,3-tetrafluoro-1-propanol {produced by Tokyo Kasei KK) to prepare a dye 
solution. 
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A substrate used was a polycarbonate substrate of a disc shape having a thickness of 1 .2 mm and a 
diameter of 120 mm<> and having a spiral pre-groove formed on its surface with a depth of 130 nm, a width 
of 0.5 um, and a pitch of 1 .6 um. 

25 The dye solution was coated on the surface of the substrate by spin coating at a rotation rate of 1200 
rpm to form a layer. This layer was dried at 70 " C for 2 hours to provide a recording layer having a film 
thickness of approximately 160 nm. For the optical constants of this recording layer, the refractive index 
(the value of the real part of the complex refractive index) was 2.1, and the attenuation coefficient (the 
absolute vaiue of the imaginary part of the complex refractive Index) was 0.08 at the wavelength of 780 nm. 

30 The refractive Index and the attenuation coefficient were 2.0 and 0,17, respectively, at 680 nm while the 
refractive index and the attenuation coefficient were 2-5 and 0.26, respectively, at 635 nm. The refractive 
index and the attenuation coefficient of the recording layer were measured and calculated after coating the 
same dye solution on a glass substrate by spin coating. 

Then, an Au film was formed by sputtering on this recording layer by using a sputtering device CDl-900 

35 (available from Dalzers Co.) to form a reflective layer of 60 nm thick. Sputtering conditions were as follows: 
Sputtering power; 2.5 kW 

Sputtering gas (argon gas) pressure; 1.0 x 10~^ Torr. An ultraviolet curing resin SD-17 (available from 
Dajnippon Ink Chemicais) was coated on the reflective layer by spin coating, to which an ultraviolet ray was 
irradiated to form a protective film of 6 mm m thickness. 

40 To the medium obtained, a las^ was irradiated at a linear speed of 2.8 m/sec. with a recording power 
of 8 mW to record information by using an optical disc estimation device DDU-1000 (available from Puistec 
Industrial Co., Ltd.) with a laser head for a red semiconductor laser of 680 nm and a CD encoder (available 
from KENWOOD). After recording, the recorded signal was reproduced at a linear speed of 1.4 m/sec by 
using the same estimation device. As a result, the reflectance was 58% and the error rate was less than 5 

45 cps» when measured by using a CD decoder DR3552 (available from KENWOOD). The degree of 
modulation of the shortest pit (13/ltop) was 0.45- Jitter value was measured by using a jitter meter LJM-1851 
(available from Leader Electronics Corp.). The result was good. 

In addition, the recorded sample was subjected to a reproduction estimation at a linear speed of 1.4 
m/sec by using an optical disc estimation device (available from Puistec Industrial Co., Ltd.) with a laser 

50 head for a near infrared semiconductor laser capable of providing a reproducing wavelength of 780 nm. As 
a result, the reflectance was 70%, the error rate was less than 5 cps, and 13/ltop was 0.50. in addition, the 
reproduced signal had small deformation in waveform, and the jitter value was good to satisfy the Orange 
Book Standards. 

On the other hand, to the medium obtained, a laser was irradiated at a linear speed of 2.8 m/sec. with a 
65 recording power of 10 mW to record information by using an optical disc estimation device DDU-1000 
(available from Puistec Industrial Co,, Ltd.) with a laser head for a near infrared semiconductor laser of 780 
nm and a CD encoder (available from KENWOOD). After recording, the recorded signal was reproduced by 
using a commercially available CD player CDX-1050 (available from YAMAHA) having a reproducing 
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wavelength of 786 nm. As a result, the reflectance was 70%, the error rate was less than 5 cps, and 13/ltop 
was 0.48. The jitter value was good. 

In addition, the recorded sample was subjected to a r^roduction estimation at a linear speed of 1.4 
m/sec. by using an optical disc estimaticHi device DDU-1000 (available from Pulstec Industrial Co,. Ltd.) with 
a laser for a red semiconductor laser capable of providing a reproducing wavelength of 680 nm. As a result, 
the reflectance was 58%, the error rate was less than 5 cps, and 13/ltop was 0.47. The jitter value was good. 

Further, the recorded sample was subjected to a reproduction estimation at a linear speed of 1.4 m/sec 
by using an optical disc estimation device DDU-1000 (available from Pulstec Industrial Co.. Ltd.) with a laser 
head for a red semiconductor laser capable of providing a reproducing wavelength of 635 nm. As a result, 
the reflectance was 28%, the error rate was less than 5 cps, and 13/ltop was 0.50. The jitter value was good. 

The spectral absorption maximum of the dye used was measured by means of coating the dye solution 
on a glass substrate by spin coating, and drying it at 70''C for 2 hours to form a thin film of the dye. The 
film was then subjected to measurement by using an ultraviolet-visible ray spectrophotometer UV-2200 
(available from Shimadzu Corporation). As a result, the spectral absorption maximum of NK3239 was 590 
nm and that of NK2929 was 730 nm. 



EXAMPLE 2 

Example 1 was repeated to produce a medium except that 0.2 g of trimethine cyanine dye NK3239 
20 (produced by Nippon Kanko Shikiso Kenkyusho KK) represented by the above formula (3) and 0.046 g of 
pentamethlne cyanine dye IMK2929 (produced by Nippon Kanko Shikiso Kenkyusho KK) represented by the 
above formula (4) were dissolved into 10 ml of 2.2,3,a-tetrafiuoro-1-propanol (produced by Tokyo Kasei KK) 

to prepare a dye solution. 

For the medium obtained, the recording and reproduction tests were made as in Example 1 . As a result, 
25 the reflectance, the degree of modulation, the error rate, and the jitter value were all good at each 
wavelength. 

In addition, the absorption maximum wavelength of each dye used, and the refractive index and the 
attenuation coefficient of the recording layer were measured in the same manner as in Example 1. 

30 EXAMPLE 3 



35 



0,2 g of trimethine cyanine dye NK3239 (produced by Nippon Kanko Shikiso Kenkyusho KK) repre- 
sented by the above formula (3), 0.01 g of pentamethine cyanine dye NK2929 (produced by Nippon Kanko 
Shikiso Kenkyusho KK) represented by the above formula (4), and 0,01 g of heptamethine cyanine dye 
NK2014 (produced by Nippon Kanko Shikiso Kenkyusho KK) represented by the following formula (5) were 
dissolved into 10 ml of 2,2,3,3-tetraftuoro-1-propanol(produced by Tokyo Kasei KK). A recording layer of 
150 nm thick was then formed in the same manner as in Example 1. 



40 



45 




CH 



3 



Ci O 



4 



CH 



CH = CH-}y CH 




(5) 



CH 



3 



Then, an Au film was fcwmed by sputtering on this recording layer by using a sputterir>g device CDI-900 
50 (available from Balzers Co.) to form a reflective layer of 100 nm thick. An ultraviolet curing resin SD-17 
(available from Dainippon Ink Chemicals) was coated on the reflective layer by spin coating, to which an 
ultraviolet ray was irradiated to form a protective film of 5 um in thickness. 

For the medium obtained, the recording and reproduction tests were made as in Example 1, As a result, 
the reflectance, the degree of modulation, the error rate, and the jitter value were all good at each 
55 wavelength. 

In addition, the absorption maximum wavelength of each dye used, and the refractive index and the 
attenuation coefficient of the recording layer were measured in the same manner as in Example 1 . 
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EXAMPLE 4 

Example 1 was repeated to produce an optical recording medium except that 0.2 g of trimethine 
cyantne dye NK467 (produced by Nippon Kanko Shiidso Kenkyusho KK) represented by the following 
5 formula (6), 0.01 g of pentamethine cyanrne dye NK2627 (produced by Nippon Kanko Shikiso Kenkyusho 
KK) represented by the following formula (7), and 0.01 g of heptamethine cyanine dye NK2014 (produce d 
by Nippon Kanko Shikiso Kenkyusho KK) represented by the above formula (5) were dissolved Into 1 0 ml of 
2,2,3,3'tetrafluoro*1-prop^ol (produced by Tokyo Kasei KK) to prepare a dye solution. 




(6) 



(7) 



For the medium obtained, the recording and reproduction tests were made as in Example 1. As a 
result, the reflectance^ the degree of modulation, the error rate, and the jitter value were all good at each 
35 wavelength. 

In addition, the absorption maximum wavelength of each dye used, and the refractive index and the 
attenuation coefficient of the recording layer were measured in the same manner as in Example 1 ^ 

EXAMPLE 5 

40 

Example 1 was repeated to produce an optical recording medium except that 0-2 g of trimethine 
cyanine dye NK3 (produced by Nippon Kanko Shikiso Kenkyusho KK) represented by the following formula 
(8), 0.01 g of pentamethine cyanine dye NK1456 (produced by Ntppon Kanko Shikiso Kenkyusho KK) 
represented by the following formula (9)» and 0.01 g of heptamethine cyanine dye NK2014 (produced by 
46 Nippon Kanko Shikiso Kenkyusho KK) represented by the above formula (5) were dissolved Into 10 ml of 
2,2,3,3-tetrafluoro-1-propanol (produced by Tokyo Kasei KK) to prepare a dye solution. 
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(8) 



10 



IS 



^==>^ N C H = C H C H 



I 

C 



2 ^5 



I 




(9) 



For the medium obtained, the recording and reproduction tests were made as in Example 1. As a 
20 result, the reflectance, the degree of modulation, the error rate, and the jitter value were all good at each 
wavelength. 

In addition, the absorption maximum wavelength of each dye used, arxl the refractive Index and the 
attenuation coefficient of the recording layer were measured in the same manner as in Example 1. 

25 EXAMPLE 6 



30 



Example 1 was repeated to produce an optical recording medium except that 0.2 g of trimethine 
cyanine dye NK3239 (produced by Nippon Kanko Shikiso Kenkyusho KK) represented by the above 
formula (3), 0.025 g of pentamethtne cyanine dye NK1456 (produced by Nippon Kanko Shikiso Kenkyusho 
KK) represented by the above formula (9), and O.Oi g of heptamethine cyanine dye NK1666 (produced by 
Nippon Kanko Shikiso Kenkyusho KK) represented by the following formula (10) were dissolved Into 10 ml 
of 2,2,3,3-tetrafiuoro-1-propanol (produced by Tokyo Kasei KK) to prepare a dye solution. 



35 




40 



^ch=ch>^ch=<^J3 

I Br' I 



(10) 



For the medium obtained, the recording and reproduction tests were made as in Example 1. As a 
result, the reflectance, the degree of modulation, the error rate, and the jitter value were all good at each 
45 wavelength. 

In addition, the absorption maximum of each dye used, and the refractive index and the attenuation 
coefficient of the recording layer were measured in the same manner as in Example 1 . 

EXAMPLE? 

so 

Example 1 was repeated to produce an optical recording medium except that 0.2 g of trimethine 
cyanine dye NK3 (produced by Nippon Kanko Shikiso Kenkyusho KK) represented by the above formula 
(8), 0.01 g of pentamethine cyanine dye NK2627 (produced by Nippon Kanko Shikiso Kenkyusho KK) 
represented by the above formula (7), and 0.025 g of heptamethine cyanine dye NK1666 (produced by 
55 Nfppon Kanko Shikiso Kenkyusho KK) represented by the above formula (10) were dissolved into 10 ml of 
2^»3»3-tetrafluoro-1-propanol (produced by Tokyo Kasei KK) to prepare a dye solution. 

For the medium obtained, the recording and reproduction tests were made as in Example 1 . As a result 
the reflectance, the degree of modulation, the error rate, and the jitter value were all good at each 
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wavelength. 

In addition, the absorption maximum wavelength of each dye used, and the refractive index and the 
attenuation coefficient of the recQrdlr>g layer were measured in the same manner as in Example 1 . 

5 COMPARATIVE EXAMPLE 1 

Example 1 was repeated to produce an optical recording medium except that the dye used was only 
the trlmetfilne cyanlne dye NK3239 (produced by Nippon Kanko Shlkiso Kenkyusho KK) represented by the 
above formula (3), 

70 For the medium obtained, the recording and reproduction tests were made as in Example 1, As a result, 
it was impossible to record a signal with the wavelength of 780 nm. 

In addition, the refractive index and the attenuation coefficient of the recording layer were measured in 
the same manner as In Example 1. 

;6 COMPARATIVE EXAMPLE 2 

Example 1 was repeated to produce an optica recording medium except that 0,14 g of trimethine 
cyanine dye NK3239 (produced by Nippon Kanko Shikiso Kenkyusho KK) represented by the above 
formula (3), and 006 g of pentamethine cyanine dye NK2929 (produced by Nippon Kanko Shikiso 

20 Kenkyusho KK) represented by the above formula (4) were dissolved into 10 ml of 2,2,3,3-tetrafluoro-1- 
propanol (produced by Tokyo Kasei KK) to prepare a dye solution, and that a mixing ratio of pentamethine 
cyanine dye to trimethine cyanine dye in the dye solution was Increased from 5% In Example 1 to 30%, 

For the medium obtained, the recording and reproduction tests were made as in Example 1. As a result, 
no satisfactory reproduction signal was obtained at each wavelength. 

25 \n addition, the refractive index and the attenuation coefficient of the recording layer were measured in 
the same manner as In Example 1. 

COMPARATIVE EXAMPLE 3 

30 Example 1 was repeated to produce an optical recording medium except that 0.1 g of trimethine 
cyanine dye NK3239 (produced by Nippon Kanko Shikiso Kenkyusho KK) represented by the above 
formula (3), and 0^1 g of heptamethine cyanine dye NK2014 (produced by Nippon Kanko Shikiso 
Kenkyusho KK) represented by the above formula (5) were dissolved into 10 ml of 2,2,3, 3-tetraftuoro-1- 
propanol (produced by Tokyo Kasei KK) to prepare a dye solution. 

35 For the medium obtained, the recordlr>g and reproduction tests were made as In Example 1. As a result 
no satisfactory reproduction signal was obtained at each wavelength. 

In addition p the refractive index and the attenuation coefficient of the recording layer were measured in 
the same manner as in Example 1 , 

Table 1 below shows the spectral absorption maximum (Xmax),of the dyes, the mixing weight ratio (%) 

40 of the dyes in the recording layers, and the optical constants {refractive Index (n) and attenuation coefficient 
(k)) of the recording layers obtained at each wavelength in Exampfes 1 through 7 and Comparative 
Examples 1 through 3. In addition, Table 2 shows characteristics (reflectance, error rate, and degree of 
modulation of the shortest pit) of the reproduced signal obtained at each wavelength. 
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25 



30 



TABLE 1 

EXAMPLE 

DYE 1. NK.NO 



NK3239 NK3239 NK3239 NK467 



NK3 NK3239 



CHEMICAL 
FORMULA No 

*1 

2. NK.No 

CHEMICAL 
FORMULA No 

Xmaxdun) 

3. NK,No 

CHEMICAL 
FORMULA NO 

Xmax ( nm ) 



3 
590 



3 
590 



3 
590 



6 
600 



8 

610 



3 
590 



NK2929 NK2929 NK2929 NK2627 KK1456 NK1456 



4 

730 



4 

730 



4 

730 
NK2014 

5 
830 



7 9 9 

740 750 750 

NK2014 NK2014 NK1666 



5 
830 



5 
830 



10 
800 



MIXING RATIO OF DYES (wt%) 

( DYEl : DYE2 : DYE3 ) 95:5:0 81:19:0 90:5:5 90:5:5 90:5:5 85:11:4 
OPTICAL CONSTANTS OF RECORDING LAYER 





VBOnm 


n*2 


2.1 


2.0 


2.0 


2.0 


2.1 


2.1 






k*3 


0.08 


0.10 


0,10 


0-10 


0.11 


0.12 


35 


680nm 


n 


2,0 


1.7 


1.9 


1.9 


1.9 


1.7 






k 


0,17 


0.24 


0.18 


0.19 


0*22 


0.19 




635nm 


n 


2.5 


2.4 


2.5 


2.5 


2.6 


2.5 


40 




k 


0.26 


0.32 


0.28 


0-34 


0,35 


0.31 



45 



*1 Xmax; absorption maximum wavelength 
*3 k: attenuation coefficient 



*2 n: refractive index 
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TABLE 1 



CONTINUED 



10 



IS 



20 



DYE 1. NK.No 



CHEMICAL 
FORMULA No 

Xmax ( nm ) 



2. NK,No 



25 



CHEMICAL 
FOEIMULA No 

Xmax(nm) 

NK.No 

CHEMICAL 
FORMULA No 

\inax(niii) 



EXAMPLE 7 
NK3 

8 

610 
NK2627 

7 
740 
NK1666 

10 
800 



NK3239 

3 

590 



COMPARATIVE 

EXAMPLE 
2 a 



NK3239 



590 
NK292g 

4 

730 



NK3239 



590 



NK2014 

5 
830 



30 



35 



40 



MIXING RATIO OF DYES (wt%) 

(DYE1:DYE2:DYE3) 85:4:11 100:0:0 

OPTICAL CONSTANTS OF RECORDING LAYER 



780nin n *1 
k *2 

680nm n 
k 

635nm n 



1,9 

0*13 

1.8 

0.18 

2.5 

0.30 



2.0 

0,03 

2.1 

0.08 

2.6 

0-17 



70:30:0 50:0:50 



2.1 

0.09 

1-8 

0.50 

2.1 

0.55 



1.8 

0,21 

1-7 

0-49 

1.8 

0.50 



45 



*1 n: refractive Index 



^2 k: at;t:enuatlon coefflclen-t 



so 
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TABLE 2 











± 










4 




, p.. 




ti 
D 




7 


5 


680 

RECORDING 


780njn 

REPRODUCTION 






■ 


























REFLECTANCE 
(%) 

ERROR RATE 

(ops ) 
I3/I top 


0, 


70 
<5 

.50 


0, 


65 
10 

.47 


68 
<5 
0.48 


0. 


67 
<5 
.46 


0, 


68 

<5 

.50 


0 


68 

<5 
.50 


0, 


65 
10 

.48 


15 




680nin 

REPRODUCTION 




























20 


- 


REFLECTANCE 
(%) 

ERROR RATE 

(cps) 
I3/I top 


0. 


58 

<5 
45 


0. 


35 
15 

,42 


57 
<5 
0*44 


0, 


55 
<5 
41 


0. 


53 
7 
45 


0 


45 
<5 
.43 


0. 


50 
<5 

.45 


25 
30 


780 

RECORDING 


786nm 

REPRODUCTION 






























REFLECTANCE 

(*) 

ERROR RATE 
(Cps) 
lo/l top 

eSOnm 

REPRODUCTION 


u * 


70 
<5 


u . 


65 
15 
45 


69 
<5 
0 . 47 


0 , 


69 
<5 

A ^ 

43 


0 . 


70 
<5 
49 


0 


69 
<S 

A O 

. 48 


0- 


66 
10 

47 


35 




REFLECTANCE 
(%) 

ERROR RATE 

(cps) 

I 3/ I top 


0- 


58 
<5 
47 


0. 


36 
15 
40 


56 
<5 
0.44 


0. 


54 
<5 
40 


0, 


51 
<5 
48 


0 


45 
<5 
.44 


0* 


51 
<5 
45 


40 




635nin 

REPRODUCTION 




























45 




REFLECTANCE 
(%) 

ERROR RATE 
(cps) 

I3/I top 


0. 


28 
<5 
50 


0. 


23 
15 
43 


25 
<5 
0.45 


0. 


28 
<5 
42 


0. 


26 
<5 
45 


0 


24 
10 
.45 


0. 


25 
<5 
46 
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TABLE 2 



CONTINUED 



TO 



?5 



20 



680 

RECORDING 



COMPARATIVE 
EXAMPLE 

780nn 

REPRODUCTION 

REFLECTANCE 
{%) 

ERROR RATE 

(cps) 

13 /I -top 

680nin 

REPRODUCTION 

REFLECTANCE 
(*) 

ERROR RATE 
(Cps) 
I3/I top 



72 
<5 

0.40 



62 

<S 

0.41 



52 
4020 
0-39 



15 
4510 
0.25 



35 
5510 
0-25 



8 



7350 



iinnieasurable 



25 



30 



35 



40 



780 786nm 
RECORDI NG REPRODUCT I ON 



REFLECTANCE 73 

(%) 

ERROR RATE unrecordable 

(cps) 

13/ I top 

REPRODUCTION 



49 



36 



unreproduolble unreproducible 



REFLECTANCE 

(%) 

ERROR RATE 

(cps) 
13/ I top 

635nni 

REPRODUCTION 

REFLECTANCE 
(%) 

ERROR RATE 

(cps) 
I3/I top 



61 



unrecox^dable 



31 



unx'ecoz'dable 



14 

5320 
0,20 



12 
6550 
unineasurable 



8 



7350 



unmeasurable 



7350 



unineasurable 



50 EXAMPLE 8 



55 



As a dye to form a recording layer, 2.2 g of trimethine cyanine dye NK737 (produced by Nippon Kanko 
Shikiso Kenkyusho KK) represented by the following formula (11) and 0.4 g of phthalocyanine dye 
(produced by Nippon Kanko Shikiso Kenkyusho KK) represented by the following formula (12) were 
dissolved into 100 ml of 2«2.3i3-tetrafluoro-1-propanol (produced by Tokyo Kasei KK) to prepare a dye 
solution. 
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15 



20 



25 



(C^ H^)^N CHj OjO 



OCH 





O (CH2}2N{C2 Hj)^ 

CI (12) 



N- — CU---N 



(C^ H^)^N (H^ O^O 





O (CH2)2N(C2 Hj)^ 



C 1 



30 



A substrate used was a polycarbonate substrate of a disc shape having a thickness of 1.2 mm and a 
diameter of 120 mm^ and having a spiral pre-groove formed on its surface with a depth of 130 nm, a width 
of 0.5 urn, and a pitch of 1.6 urr^. 

3G The dye solution was coated on the surface of the substrate by spin coating at a rotation rate of 1600 
rpm to form a Jayer. This layer was dried at 70" C for 2 hours to provide a recording layer. The absorbance 
of this recording layer were 0,35, 0,27, and 0.23 at the wavelength of 635 nm, 680 nm, and 780 nm, 
respectively. The spectral absorption maximum and the absorbance, at each wavelength, of the recording 
layer were measured by means of coating the dye solution on a glass substrate by spin coatirig, and drying 

4o it at 70 * G for 2 hours to form a thin film of the dye. The film was then subjected to measurement by using 
an ultraviolet-visible ray spectrophotometer UV-2200 (available from Shimadzu), The absorbance is a value 
obtained by taking off the absorption by the substrate. 

Then, an Au film was formed by sputtering on this recording layer by using a sputtering device CDI-900 
(available from Balzers Co.) to form a reflective layer of 80 nm thick. Sputtering conditions were as follows: 

45 Sputtering power; 2,5 kW 

Sputtering gas (argon gas) pressure; 1.0 x 10"^ Torr, An ultraviolet curing resin SD-17 (avaflable from 
Dainippon Ink Chemicals) was coated on the reflective layer by spin coating, to which an ultraviolet ray was 
irradiated to form a protective film of 6 urn in thickness. 

To the medium obtained, a laser was irradiated at a linear speed of 4.8 m/sec. with a recording power 

50 of 10 mW to record information by using an optical disc estimation device DDU-1000 (available from 
Pulstec Industrial Co., Ltd.) with a laser head for a red semiconductor laser of 680 nm and a CD encoder 
(available from KENWOOD). After recording, the recorded signal was reproduced by using the same 
estimation device. As a result, the reflectance was 32% and the error rate was less than 5 cps, when 
measured by using a CD decoder DR3552 (available from KENWOOD), The degree of modulation of the 

55 shortest pit (13/ltop) was 0.43. Jitter value was measured by using a jitter meter LJM-1851 (available from 
Leader Electronics Ck>rp.), The result was good. 

In addition, the recorded sample was subjected to a reproduction estimation by using an optical disc 
estimation device (available from Pulstec Industrial Co,» Ltd.) with a laser head for a near infrared 
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semiconductor laser capable of providing a reproducing wavelength of 780 nm. As a result, the reflectance 
was 66%, the error rate was less than 5 cps, and iS/ltop was 0.45. In addition, the signal had small 
deformation in waveform, and the jitter value was good to satisfy the Orange Book Standards. 

On the other hand, to the medium obtained, a laser was irradiated at a linear speed o1 1 .4 m/sec, wifri a 

5 recording power of 8 mW to record information by using an optical disc estimation device DDU-1000 
(available from Pulstec Industrial Co., Ltd.) with a laser head for a near infrared semiconductor laser of 780 
nm and a CD encoder (available from KENWOOD). After recording, the recorded signal was reproduced by 
using a commercially available CD player CDX-1050 (available from YAMAHA) having a reproducing 
wavelength of 786 nm. As a result, the reflectance was 67%, the error rate was less than 5 cps, and 13/ltop 

TO was 0.48. The jitter va)ue was good to satisfy the Orange Book Standards. 

In addition, the recorded sample was subjected to a reproduction estimation at a linear speed of 1.4 
m/sec by using an optical disc estimation device DDU-IOOO (available from Pulstec Industrial Co,, Ltd.) with 
a laser head for a red semiconductor laser capable of providing a reproducing wavelength of 680 nm. As a 
result, the reflectance was 31%, the error rate was iess than 5 cps, and 13/ltop was 0.43. The jitter value 

15 was good. 

Further, the recorded sample was subjected to a reproduction estimation at a linear speed of 1.4 m/sec 
by using an optical disc estimation device DDU-1000 (available from Pulstec Industrie Co., Ltd,) with a laser 
head for a red semiconductor laser capable of providing a reproducing wavelength of 635 nm. As a result 
the reflectance was 20%, the error rate was less than 5 cps, and 13/ltop was 0.45. The jitter value was good. 
20 The spectral absorption maximum of the dye used was measured by means of coating the dye solution 
on a glass substrate by spin coating, and drying it at 70 * C for 2 hours to form a thin film of the dye. The 
film was then subjected to measurement by using an ultraviolet-visible ray spectrophotometer UV-2200 
(available from Shimadzu Corporation), As a result, the spectral absorption maximum of NK737 was 570 nm 
and that o1 the phthalocyanine dye represented by the formula (12) was 745 nm, 

25 

EXAMPLE 9 

Example 8 was repeated to produce a medium except that 3.0 g of porphyrin represented by the 
following formula (13) and 0.5 g of pentamethine cyanine dye NK2929 (produced by Nippon Kanko Shikiso 
30 Kenkyusho KK) represented by the above formula (4) were dissolved into 100 ml of 2,2p3,3-t0traffuoro*l- 
propanol to prepare a dye solution, which was then coated by spin coating. 



3S 



40 



45 




(13) 



To the medium obtained, a laser was irradiated at a linear speed of 2.4 m/sec. with a recording pow^ 
50 of 7,5 mW to record information by using an optical disc estimation device DDU-1000 (available from 
Pulstec Industrial Co.. Ltd.) with a laser head for a near infrared semiconductor laser of 780 nm and a puise 
generator (available from KENWOOD). After recording, the recorded signal was reproduced and estimated 
by using a commercially available CD player having a reproducing wavelength of 786 nm. As a result the 
reproduced signal had small deformation in waveform, which satisfied the Orange Book Standards* 
55 For the medium obtained, the recording and reproduction tests were made as in Example 8, As a result, 
the reffectance» the degree of modulation, the error rate, and the jitter value were all good at each 
wavelength. 
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In addition, the absorbance of the recording at each wavelength layer was measured in the same 
manner as in Example 8. 

EXAMPLE 10 

Example 8 was repeated to produce an opticaf recording medium except that 3.0 g of anthraquinone 
dye represented by the fof [owing formula (14) was used in place of trimethine cyanine dye NK737 
(produced by Nippon Kanko Shiklso Kenkyusho KK) represented by the above formula (11). 
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To the medium obtained, a laser was Irradiated at a linear speed of 2.4 m/sec. with a recording power 
of 8 mW to reccHTd information by using an optical disc estimation device DDU-1000 (available from Pulstec 
Industrial Co.. Ltd.) with a laser head for a red semiconductor laser of 680 nm and a pufse generator 
(available from KENWOOD), The recorded medium was subjected to reproduction estimation in the same 
manner as in Example 8. The result was good. 

To the medium obtained, a laser was irradiated at a linear speed of 2.4 m/sec. with a recording power 
of 7.5 mW to record Information by using an optical disc estimation device DDU-1000 (available from 
Pulstec Industrial Co., Ltd,) with a laser head for a near infrared semiconductor laser of 780 nm and a pulse 
generator (available from KENWOOD). The recorded medium was subjected to reproduction estimation in 
the same manner as In Example 8. As a result, the reproduced signal had small defcM-mation in waveform, 
which satisfied the Orange Book Standards. In addition, the absorbance of the recording layer at each 
wavelength was also measured in the same manner as in Example 8. 
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EXAMPLE 11 

Example 8 was repeated to produce a medium except that 2.8 g of azo dye represented by the 
following formula (15) and 0.65 g of phthalocyanine dye represented by the following formula (16) were 
dissolved into 100 ml of 2,2,3,3-tetrafluoro-1-propanol (produced by Tokyo Kasei KK) to prepare a dye 
solution, which was then coated by spin coating at 1600 rpm. 
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For the medium obtained, the recording and reproduction tests were made as in Example 8. As a 
result, the reflectance, the degree of modulation, the error rate, and the jitter value were all good at each 
wavelength. 

In addition, the absort^ance of the recording layer at each wavelength was measured in the same 
manner as in Example 8. 

EXAMPLE 12 

Example 8 was repeated to produce a medium except that 2,3 g o1 tetraazaporphyrin dye represented 
by the following iformula (17) and 0.4 g of phthalocyanlne dye represented by the above formula (16) were 
dissolved into 100 ml of 2,2.3.3-tetfafluoro-1*propanol (produced by Tokyo Kasei KK) to prepare a dye 
solution, which was then coated by spin coating at 1600 rpm. 




(17) 



To the medium obtained* a laser was Irradiated at a linear speed of 2A m/sec. with a recording power 
of 8 mW to record information by using an optical disc estimation device DDU-1000 (av^lable from Pulstec 
Industrial Co., Ltd.) with a laser head for a red semiconductor laser of 680 nm and a pulse generator 
(available from KENWOOD). The recorded medium was subjected to reproduction estrmation in the same 
manner as in Example 8. The result was good. 

To the medium obtained, a laser was irradiated at a tinear speed of 1 .2 m/sec. with a recording power 
of 7.0 mW to record information by using an optical disc estimation device DDU-1000 (available from 
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Pulstec Industrial Co.. Ltd.) with a laser head lor a near infrared semiconductor laser of 780 nm and a putse 
generator (available from KENWOOD). The recorded medium was subjected to reproduction estimation in 
the same manner as in Example 8. As a result, the reproduced. signal had small deformation In waveform, 
which satisfied the Orange Book Standards, In addition, the absdrbance of the recording layer at each 
6 wavelength was also measured in the same manner as in Example 8. 

COMPARATIVE EXAMPLE 4 

Example 8 was repeated to produce an optical recording medium except that the dye used was 2.6 g of 
10 phthalocyanine dye alone which is represented by the above formula (12). 

For the medium obtained, the recording and reproduction tests were made as in Example 8. As a result 
it was Impossible to obtain good reproduction sigr^l at each wavelength. In particular, the medium could not 
be played back by using a commercially available CO player having a reproduction wavelength of 786 nm. 

In addition, the absorbance of the recording layer were measured in the same manner as in Example 8. 
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COMPARATIVE EXAMPLE 5 



Example 9 was repeated to produce an optical recording medium except that the dye used was 3,0 g of 
porphyrin dye alone which is represented by the above formula (13). 
20 To the medium obtained, a laser was irradiated at a linear speed of 1,4 m/sec. with a recording power 
of 11 mW to record information by using an optical disc estimation device DDU-1000 (available from 
Pulstec Industrial Co.. Ltd.) with a laser head for a near Infrared semiconductor laser of 780 nm and a pulse 
generator (available from KENWOOD). As a result, it was impossible to record a signal at a wavelength of 
780 nm. 

£5 In addition, the absorbance of the recording layer at each wavelength was measured in the same 
manner as in Example 8. 

Table 3 below shows the spectral absorption maximum (xmax) of the dyes, the mixing weight ratio (%) 
of the dyes in the recording layers, and the absorbance of the recording layers at each wavelength in 
Examples 8 through 12 and Comparative Examples 4 and 5. In addition. Table 4 shows characteristics 
30 (reflectance, error rate, and degree of modulation) of the reproduced slgn^ obtained at each wavelength. 
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TABLE 3 

COMPARATIVE 

EXAMPLE EXAMPLE 

8 9 10 11 12 4 5 

DYE 1, CHEMICAL 
FORMULA 

No 11 13 14 15 17 13 

XmaK 570 490 610 540 590 490 

(nm) 

2, CHEMICAL 
FORMULA 

NO 12 4 12 16 16 12 

Jonax 745 730 745 720 720 745 

(nm) 

MIXING RATIO OF DYES (w1:%) 

(DYE1:DYE2) 85:15 86:14 88:12 81:19 85:15 0:100 100:0 

ABSORBANCE OF THE RECORDING LAYER 

780nm 0.23 0.05 0-18 0,10 0.11 0.31 0.02 

680nm 0.27 0,17 0.29 0*20 0.25 0.60 0.10 

635nm 0,35 0.20 0-41 0.27 0.30 0.40 0.17 
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TABLE 4 



10 



15 



20 



25 



30 



35 



40 



45 



680 

RECORDING 



780 



EXAMPLE 



COMPARATIVE 
EXAMPLE 







9 




9 




10 




11 




12 . 


4 


5 


780nni 


























REPRODUCTION 
















1 










REFLECTANCE 




66 




71 




68 




70 




69 


52 


72 


(%) 


























ERROR RATE 




<5 




<5 




15 




<5 




<5 


4500 


<5 


(cps) 


























I3/I top 




,45 


0 


.47 


0 


.44 


0 


.46 


0 


.45 


0.40 


0.43 


680nm 


























REPRODUCTION 


























REFLECTANCE 




32 




51 




27 




48 




35 


8 


62 


) 


























ERROR RATE 




<5 




15 




15 




<5 




8 


73O0 


<5 


(cps) 


























I3/I t;op 


0. 


43 


0 


. 44 


0 


.38 


0 


. 43 


0 


.42 


unmea- 


0.41 
























surable 




7B6nm 


























REPRODUCTION 


























REFLECTANCE 




67 




72 




68 




71 




70 


53 


73 




























ERROR RATE 




<5 




<5 




10 




<5 




<5 


unre- 


unre- 


( Cps ) 






















produc- 


cord" 
























ible 


able 


13 /I top 


0- 


48 


0 


. 4/ 


0 


. 43 


0 


. 47 


0 


.46 






680nni 


























REPRODUCTION 


























REFLECTANCE 




31 




50 




26 




47 




36 


8 


61 




























ERROR RATE 




<5 




<5 




15 




<5 




9 


7300 


unre- 


(cps) 
























cord- 


























able 


I3/I top 


0, 


43 


0 


.48 


0 


.40 


0 


,40 


0 


.43 


unmea- 


























sux>able 




635nin 


























REPRODUCTION 


























REFLECTANCE 




20 




32 




17 




28 




26 


6 


45 


(%) 


























ERROR RATE 




<5 




<5 




15 




<5 




<5 


5850 


unre- 


(Cps) 
























cord- 


























able 


13/ I top 


0- 


45 


0 


• 47 


0 


• 45 


0 


.44 


0 


.45 


unmoa- 





surable 



50 EXAMPLE 13 

As a dye to form a recording layer, 0.18 g of Nj metal complex of azo dye represented by the following 
formula (18) and 0,02 g of heptamethine cyanine dye represented by the following formula (19) were 
dissolved into 8 ml of 2,2,3.3.4.4.5.5-octafluoro-l-pentanol (produced by Tokyo Kasei KK) to prepare a dye 
55 solution. 
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(18) 



(19) 



A substrate used was a polycarbonate substrate of a disc shape having a thickness of 1 .2 mm and a 
20 diameter of 120 mm*^ and having a spiral pre-groove formed on its surface with a depth of 140 nm, a width 
of 0,4 um, and a pilch of 1 .2 urn. 

The dye solution was coated on the surface of the substrate by spin coating at a rotation rate of 1600 
rpm to form a layer. The absorbance of this recording layer were 0,22. 0,18, and 0,13 at the wavelength of 
635 nm, 680 nm, and 780 nm, respectively. The spectral absorption maximum and the absorbance, at each 
25 wavelength » of the recording layer were measured by means of coating the dye solution on a glass 
substrate by spin coating, and drying it at 70 • C for 2 hours to form a thin film of the dye. The film was then 
subjected to measurement by using an ultraviolet-visible ray spectrophotometer UV-2200 (available from 
Shimadzu). The absorbance is a value obtained by taking off the absorption by the substrate. 

Then, an Au film was formed by sputtering on this recording layer by using a sputtering device CDh900 
30 (available from Balzers Co.) to form a reflective layer of 80 nm thick. Sputtering conditions were as follows: 
Sputtering power; 2,5 kW 

Sputtering gas (argon gas) pressure; 1.0 x 10"^ Torr. An ultraviolet curing resin SD'17 (available from 
Dainippon Ink Chemicals) was coated on the reflective layer by spin coating, to which an ultraviolet ray was 
irradiated to form a protective film of 5 um in thickness. 

36 To the medium obtained, a laser was irradiated at a linear speed of 2.8 m/sec. with a recording power 

of 9 mW to record EFM signals by using an optical disc estimation device DDU-1000 (available from 
Pulstec Industrial Co,, Ltd.) with a laser head for a near infrared semiconductor laser of 780 nm and a CD 
encoder (available from KENWOOD). After recording, the recorded signal was reproduced at a Unear speed 
of 1 .4 m/sec by using the same estimation device. As a result, the reflectance was 70% and the error rate 

40 was less than 5 cps, wher\ measured by using a CD decoder DR3552 (available from KENWOOD). The 
degree of modulation of the shortest pit (13/ltop) was 0,48. The jitter value was good to satisfy the Orange 
Book Standards. In addition, the reproduced waveform had less deformation. 

In addition, the recorded sample was subjected to a reproduction estimation at a linear speed of 1,4 
m/sec by using an optical disc estimation device DDU-1000 (available from Pulstec Industrial Co., Ltd.) with 

45 a laser head for a red semiconductor laser capable of providing a reproducing wavelength of 635 nm. As a 
result, the reflectance was 30%, the error rate was less than 5 cps, and 13/ltop was 0,50, The recording 
mode was high-to-low where the reflectance at the recording portion is reduced. The jitter value was very 
good. 

Further, the recorded sample was subjected to a reproduction estimation at a linear speed of 1 A m/sec 
60 by using an optical disc estimation device DDU-1000 (available from Pulstec Industrial Co., Ltd.) with a laser 
head for a red semiconductor laser capable of providing a reproducing wavelength of 680 nm. As a result, 
the reflectance was 26%, the error rate was less than 5 cps. and 13/ltop was 0.45. The recording mode was 
high-to-low where the reflectance at the recording portion is reduced. The jitter value was very good. 

On the other hand, the medium obtained was subjected to recording and reproduction by using drives 
55 having a semiconductor laser of 680 nm and a He-Ne laser of 630 nm. respectively. Good recording and 
reproduction were achieved. It was confirmed that a good reproduction signal can be obtained from the 
recorded medium by using a player at 780 nm. 
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The spectral absorption maximum of the dye used was measured by means of coating the dye solution 
on a giass substrate by spin coating* and drying it at 70 * G for 2 hours to form a thin film of the dye. The 
film was then subjected to measurement by using an ultraviolet-visible ray spectrophotometer UV-2200 
(available from ^imadzu). As a result, the spectral absorption maximum of the azo dye represented by the 
5 formula (18) was 580 nm, while that of the heptamethlne cyanine dye represented by the formula (19) was 
800 nm. 



EXAMPLES 14 THROUGH 19 



10 Example 13 was repeated to produce a medium for estimation except that the dye used was a 
combination of metal complexes of the azo dyes having the absorption maximum at a wavelength shorter 
than 630 nm, which were represented by the formulae (18), and (20) through (23), and the dye having the 
absorption maximum at 630-900 nm represented by the formulae (19), and (24) tlvough (26). 
Table 5 shows combinations of the dyes, the spectral absorption maximum (Xmax) of each dye, the mixed 

75 weight ratio of the dyes {%), and the absorbance of the recording layer at each wavelength. 

All media were in a htgh*to-k)w recording mode with a large degree of nnodufation at 780 nm and 635 
nm. The error rate and the jitter value were small to provide a good reproduction. 
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COMPARATIVE EXAMPLE 6 

A medium was produced with a Ni metal complex of the azo compound represented by the formula 
(18) and following pentamethine cyanlne dye mixed at a weight ratio of 40:60. The medium was estimated 
in the same manner as In Example 13- 
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Recording and reproduction at 780 nm were achieved well. However, reproduction at 635 nm provided the 
reflectance as small as 9%. In addition, the degree of modulation was too small to achieve reproduction. 
The spectral absorption maximum of the heptamethine cyanine dye in the form of a film was 690 nm. This 
75 dye has a large absorption at 600-720 nm. 



COMPARATIVE EXAMPLE 7 



Comparative Example 6 was repeated to produce a medium except that the Nr metaJ complex of the 
20 azo compound and the pentamethine cyanine dye in Comparative Example 6 were mixed at a weight ratio 
of 25:75. 

A non-recorded portion had a reflectance of 30% at a wavelength of 635 nm, while less or no recording 
could be achieved at 780 nm even when the power was increased to 15 mW. 



25 COMPARATIVE EXAMPLES 8 AND 9 



Example 13 was repeated to produce a medium except that the Ni metal complex of the azo dye 
represented by the formula (18) and the heptamethinecyanine dye represented by the formula (19) were 
used at a varied mixing ratio. Table 5 shows the spectral absorption maximum (Xmax) of each dye, the 
30 mixing weight ratio (%) of the dyes, and the absorbance of tfie recording layer at each wavelength. 

No information could be recorded on tf>e medium of Comparative Example 8 at a wavelength of 780 nm 
with recording power of 15 mW. The medium of Example 9 had a high sensitivity but had a low reflectance 
at 780 nm. The information thereon thus could not be reproduced with a CD-ROM player. 

Table 6 shows characteristics (reftectance* eiror rate, and degree of modulation of the shortest pit) of 
as the reproduced signals at 780 nm and 635 nm obtained in Examples 13 through 19 and Comparative 
Examples 6 through 9, 
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TABLE 5 



COMPARATIVE 
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EXAMPLE 
15 16 
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EXAMPLE 
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DYE 1. 


CHEMICAL 
FORMULA 

NO 


18 
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18 


22 
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Ni 


Co 






Ni 


Pd 


Ni 


£4 J. 








(nm) 


580 
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580 
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p n f% 

580 


580 
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CHEMICAL 

FORMULA 
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Xmax 800 
(nm) 


800 
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( DYE! : 


DYE2} 90 


:10 


85:15 


81:19 


81:19 


95:5 


91:9 


81:19 


100:0 


65:35 



25 

ABSORBANCE OF THE RECORDING LAYER 

780nra 0.13 0,18 0.11 0*18 0,08 0*19 0.23 0,02 0,31 

^ 680nm 0.18 0.29 0.20 0.26 0.15 0.29 0.18 0.10 0.27 

635nin 0.22 0.24 0-20 0.35 0.20 0.41 0.28 0.17 0.20 
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70 



15 



EXAMPLE 

780 780nm 
RECORDI NG REPRODUCTI ON 



13 



14 



IS 



1^ 



17 



18 



20 



REFLECTANCE 70 68 71 68 72 67 66 

(%) 

ERROR RATE <5 <5 <5 15 <5 <5 <5 

{ cps ) 

13/1 top 0,48 0.43 0.38 0,45 0.40 0.44 0.43 

635nin 

REPRODUCTION 

REFLECTANCE 30 28 32 26 32 19 26 

(%) 

ERROR RATE <5 <5 <5 15 <5 10 <5 

(cps) 

I3/I top 0.50 0.47 0.43 0.47 0.43 0,45 0-43 
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I3/I top 
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(%) 

ERROR RATE 4500 
(cps) 

I3/I top xinxneasurable 
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0.43 
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EXAMPLE 20 

Dissolved into 10 ml of 1,2-djmethylcyclohexane (produced by Tokyo Kasei KK) to prepare a dye 
so solution was 0.2 g of Pd • phthalocyanine having one l-isopropy^isoamyloxy group at a-posittons of four 
benzene rings forming phttialocyanine represented by the following formula (27), in which illustrated Is a 
typical isomer ttiough there are various isomers depending on combinations of a-positions substituted by a 
substituent 

55 
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20 

A substrate used was a polycarbonate substrate of a disc shape having a thickness of 1 .2 mm and a 
diameter of 120 mm<^ and having a spiral pre-groova formed on its surface with a depth of 140 nm, a width 
of 0.4 um, and a pitch of 1 ,6 um. 

The dye solution was coated on the surface of the substrate by spin coating at a rotation rate of 1500 

25 rpm to form a layer. This layer was dried at 70 for 2 hours to provide a recording film of 120 nm. For the 
optical constants of this recording film, the refractive index and the attenuation coefficient were 2.0 and 
0.05, respectively, at 780 nm, while the refractive Index and the attenuation coefficient were 1,15 and 0.36 
at 635 nm. On this recording layer, an film {light interference layer) of 85nm thick was formed by 

means of reaction sputtering with a sputtering device CFS-4EP (available from Shibaura Engineering Works 

$0 Co., Ltd.)- The refractive Index of this thin film was 184 at both wavelengths of 780 nm and 635 nm. 
Accordingly, the product of the refractive index and the film thickness (ni x di) of this interference layer at 
both wavelengths is equal to 156. 

Then, an Au film of 100 nm thick was formed by sputtering on this SiaN* film by using a sputtering 
device CDl-900 (available from Balzers Co.) to form a reflective layer. An ultraviolet curing re^n S017 

35 (available from Dainippon Ink Chemicals) was coated on the reflective layer by spin coating, to which an 
ultraviolet ray was irradiated to form a protective layer of 6 iim in thickness. The optical recording medium 
was thus completed- 

To the optical recording medium obtained, a laser was irradiated at a linear speed of 2.8 m/sec. with a 
recording power of 8 mW to record EFM signals by using a writer CCD-521 (available from Philli|:>s Co.) 

40 with a laser head for a semiconductor laser of 780 nm. After recording, the recorded signal was reproduced 
by using a commercially available CD player {YAMAHA CDX-1050; laser wavelength 786 nm) and the 
characteristics of the reproduced signal were estimated. As a result, the reflectance was 71%, the error rate 
was less than 5 cps, and 13/ltop was 0.45, The recording mode was high-to-low, and the reproduced signal 
had less deformation. The jitter value was very good« and thus the Orange Book Standards was satisfied. 

45 Next, the signal recorded by the writer (CDD-521 ) was reproduced and estimated at a linear speed of 
1.4 m/sec by using an optical disc estimation device DDU-1000 (available from Pulstec Industrial Co., Ltd,) 
with a laser head for a red semiconductor laser of 635 nm. As a result, the reflectance was 22%, and 13/ltop 
was 0.48. The reproduced signal had less deformation, and the jitter value as well as error rate were very 
good. 

50 

EXAMPLE 21 

Example 20 was repeated to produce a medium except that the dye used was Pd«ph1hak>cyanine 
having one l-isopropyl-isoamyloxy group at a-positions of four benzene rings forming phthalocyanine with 
55 addition of 3.5 bromines on average per pd* phthalocyanine molecule, which is represented by the following 
formula (28). and that an AIN light interference layer of 100 nm was formed. 
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The optical constants of this recording film was as follows: the refractive index and the attenuation 
coefficient were 2.2 and 0,08. respectively, at 780 nm; the refractive index and the attenuatfon coefficient 
were 1.2 and 0.49, respectively, at 680 nm; and n and k were 1,2 and 0.34» respectively, at 635 nm. 

The refractive index of the light interference layer was 1.95 at the wavelengths of 780, 680, and 635 nm, 
while the product o1 the refractive index and the fiJm thickness (ni x di) of the light interference layer at each 
wavelength was 1 95. 

Next, this medium was subjected to recording and reproduction estimation with a laser power of 8 mW 
in the same manner as in Example 20, More specificatly, the medium was reproduced by using a 
commercially available CD player. As a result, all characteristics satisfied the Orange Book Standards, 
providing good reproduction. The medium was also subjected to estimation by using an optical disc 
estimation device DDU-1000 (available from Pulstec Industrial Co., Ltd.) with a red semiconductor laser 
head for 635 nm. As a result, the reflectance was 25% and 13/ltop was 0,47, The reproduced signal had less 
deformation in waveform, and the jitter value as well as error rate were very good. 

The recorded sample was estimated by using the optical disc estimation device DDU'1000 (available 
from Pulstec Industrial Co., Ltd.) with a red semiconductor laser head for 680 nm. As a result, the 
reflectance was 26%, the error rate was lower than 5 cps, and 13/ltop was 0.50 with the recording mode 
being high-to-low. The jitter value was very good. 

On the other hand, the medium obtained was subjected to recording and reproduction by using a drive 
with a semiconductor laser of 680 nm and a drive with a He-Ne laser of 630 nm. Satisfactory level of 
recording and reproduction were achieved with both drives. In addition, it was confirmed that the recorded 
medium can (xovide a good reproduction signal when played back by using a player for a wavelength of 
780 nm. 

EXAMPLE 22 



Example 20 was repeated to produce and estimate a medium except that the dye used in Example 20 
was replaced with Ni • phthalocyarune dye having one octhylthio group at a-positions of four benzene rings 
50 forming phthalocyanine represented by the following formula (29)> in which illustrated is a typical isomer 
though there are various isomers depending on combinations of a-position substituted by a substituent, and 
that a Zr02 light interference layer of 1 05 nm was formed rather than the Sis light interference layer. 
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(29) 



For the optical constants of this recording film, the refractive index and the attenuation coefficient were 
2,3 and 0.12, respectively at 780 nm, while the refractive index and the attenuation coefficient were 1,2 and 
20 0.30, respectively, at 635 ntn. 

The refractive index of the light interference layer was 2.21 at both wavelengths, while the product of 
the refractive index and the film thickness (nr x di) of this interference layer at both wavelengths was 232. 

Next, to the optical recording medium obtained, a laser was irradiated with a recording power of 12 mW 
for recording and reproduction as in Example 20, As a result, all characteristics obtained by reproduction 
25 with a commercially available CD player satisfied the Orange Book Standards, providing good reproduction. 

The signal was reproduced and estimated by using an optical disc estimation device DDU-1000 
(available from Pulstec Industrial Co., Lid.) with a laser head for a red semiconductor laser of 635 nm. As a 
result, the reflectance was 27%, and 13/ltop was 0.50. The reproduced signal had less deformation, and the 
jitter value as well as error rate were very good. 

30 

COMPARATfVE EXAMPLE 10 

Example 20 was repeated to produce an optical recording medium except that the light interference 
layer was not provided thereon. An EFM signal was recorded on the medium obtained by using a wrtter 
35 available from Phillips Co. with a semiconductor laser head for 780 nm in the same manner as in Exampfe 
20. The recorded signal was reproduced for estimation by using a CDX-1050 with a semiconductor laser 
head for 786 nm and DDU-1000 with a semiconductor laser head for 635 nm. As a result, the CDX-1050 
provided the reproduction that satisfied the Orange Book Standards, On the other hand, the reflectance was 
10% or lower and no reproduced waveform was read with DDU-1000. 

40 

COMPARATIVE EXAMPLE t1 

Example 21 was repeated to produce two c^^tical recording media except that the film thickness of the 
light interference layers were 45 nm and 165 nm, respectively. The product of the refractive Index and the 

45 film thickness was B7.8 for the medium with the light interference layer of 45 nm thick. The reflectance was 
as low as 12% when reproduced by using an estimator mounting a laser of 635 nm. It was thus impossible 
to reproduce the recorded signal. In addition, the error rate and the jitter value were too large to prevent the 
reproduction. On the other hand, the product of the refractive index and the film thickness was 321.8 for the 
medium with the light interference layer of 165 nm thick. The reflectance and the degree of modulation 

50 were small so as not to satisfy the Orange Book Standards when reproduced by a commercially available 
CD player with recording laser power of 1 8 mW. 

+ 

EXAMPLE 23 

55 Example 21 was repeated to produce a recording film by using the Pd*phthalocyanine dye represented 
by the formula (28). The recording layer had a film thickness of 150 nm. The optical constants of this 
recording layer were as follows: the refractive index and the attenuation coeffic^nt were 22. and 0.08, 
respectively^ with a light beam having a wavelmgtii of 780 nm, and the refractive index and the attenuation 
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coefficient were 1,2 and 0,49, respectively, with a light beam having a wavelength of 680 nm, and the 
refractive index and the attenuation coefficient were 1 >2 and 0.34» respectively, with a light beam having a 
wavelength of 635 nm, 

A substrate used was a polycarbonate substrate of a disc shape having a thickness of 1.2 mm and a 
5 diameter of 120 mm^ and having a spiral pre-groove formed on its surface with a depth of 140 nm. a width 
of 0.4 jutm, and a pitch of 1 .2 urn. 

A 3%-methylcellosolv9 solution of vinylpyrrolidone-vinyl acetate copolymer resin was coated on the 
recording layer by spin coating as a light interference layer. This layer was dried at 70* C for 2 hours. The 
film thickness di of the light interfererx^ layer was 120 nm. The refractive Index ni of this polymer was 1 .45 
w for both the light beams having wavelengths of 780 nm and 635 nm. and ni x di was 174 for both 
wavelengths. 

Next, a metal film of 80 nm thick was deposited on this light interference layer as a reflective layer by 
means of sputtering. 

Further, an ultraviolet curing resin (SD-17, available from Dainippon Ink Chemicals) was coated on the 
15 reflective layer by spin coating, to which an ultraviolet ray was irradiated to form a protective layer of 5 
in thickness and thereby produce an optical recording medium. 

To the medium obtained, a laser was irradiated at a linear speed of 2.8 m/sec. with a recording power 
of 8 mW to record EFM signals by using a writer CDD-521 (available from Phillips Co.) with a laser head for 
a semiconductor laser of 780 nm. After recording, the recorded signal was reproduced at a linear speed of 
20 1.4 m/sec by using the same estimation device for estimation of the characteristics. As a result, the 
reflecteuice v»^as 71% and the error rale was less than 5 cps. 13/ltop was 0.46. The recording mode was 
high-to-iow mode and the reproduced signal had less deformation in waveform. The jitter value was very 
good and the Orange Book Standards was satisfied. 

Next, the recorded medium was subjected to signal reproduction at a linear speed of 1,4 m/sec by 
26 using a player for high-density which has a semiconductor laser of 635 nm. The reflectance was 24% with a 
large degree of modulation. The recording mode was h'rgh-to-low recording at which the reflectance at the 
recorded portion is decreased. In addition, the error rate and the jitter value were small, providing good 
reproduction. 

Further, the medium was played back by using a player having a semiconductor laser of 680 nm. The 
30 reflectance was 21%, the recording mode was hIgh-to-low recording with a large degree of modulation. The 
errcr rate and the jitter value were smatU providing good reproduction. In addition, this medium permits 

good recording when a signal was recorded with the light beam of 680 nm at a linear speed of 8.4 m/sec. 
with a recording power of 8,0 mW, 

35 EXAMPLE 24 

Example 23 was repeated to produce a medium except that the film thickness of the light interference 
layer was 1 60 nm. 

The product of the refractive index and the film thickness, i.e., ni x di, of the light interf^enoe layer was 
40 232 for both wavelengths of 635 nm and 780 nm. 

Next, this medium was subjected to recording and reproduction estimation in the same manner as in 
Example 23. As a result, the reflectance was B8%, the error rate was less than 5 cps. and 13/ltop was 0.47 
at 780 nm. In addition, the jitter vaiue was small and the reproduced signal had less deformation in 
waveform, permitting good recording and reproduction. In addition, the signal recorded on this medium 
45 couki readily be reproduced through a commercially available CD player. In addition, when reproduced at 
635 nm, the reflectance was 27%, the 13/ltop was 0,48, and the recording mode was high-to-low. In addition, 
the error rate and the jitter value were extremely small, permitting good reproduction. 

EXAMPLE 25 

60 

Example 23 was repeated to produce a medium except that the dye used was Cu - phthalocyanine dye 
having one l-isopropyl-isoamyloxy group at a-positions of four benzene rings forming phthalocyanine 
represented by the following formula (30), in which illustrated is a typical Isomer though there are various 
isomers depending on combinations of a-positions substituted by a substituent, and that an alcohol solution 
55 of polysiloxane was used as the light interference layer having a film thickness di of 120 nm. 
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(30) 



20 

For the opttcal constants of this recording film of the medium, the refractive index and the attenuation 
coefficient were 2.0 and 0.06, respectively, with a light beam having a wavelength of 780 nm» while the 
refractive index and the attenuation coefficient were 1.2 and 0,30 with a light beam having a wavelength of 
635 nm. The refractive index ni of the light interference layer was 1 .40 for both wavelengths of 780 nm and 

25 635 nm. Accordingly, the product of the refractive Index and the film thickness (ni x di) of this interference 
layer at both wavelengths was 168. 

Next, this medium was subjected to recording and reproduction estimation in the same manner as in 
Example 23, As a result, the reflectance was 67%, the error rate was less than 5 ops, and 13/ltop was 0.43 
at 780 nm. In addition, the jitter value was small and the reproduced signal had less deformation in 

30 waveform, permitting good recording and reproduction. In addition, the signal recorded on this medium 
coutd readily be reproduced through a commercially available CD player. In addition, when reproduced at 
635 nm, the reflectance was 30% ► the 13/ltop was 0.47, and the recording mode was high-to-low. In addition, 
the error rate and the jitter value were extremely small, permitting good reproduction. 

35 EXAMPLE 26 

Example 23 was repeated to produce a medium except that Ni-phthatocyanine dye represented by the 
above formula (29) was used. 

For the optical constants of this recording film of the medium, the refractive index and the attenuation 
40 coefficient were 2.3 and 0.12, respectively, with a light beam having a wavelength of 780 nm, while the 
refractive index and the attenuation coefficient were 1 .2 and 0.30 with a light beam having a wavelength of 
635 nm. 

This medium was subjected to recording and reproduction estimation in the same manner as in 
Example 23. As a result* the reflectance was 66%, the error rate was less than 5 cps» and J3/ltop was 0.42 
46 at 780 nm. In addition, the jitter value was small arKl the r^roduced signal had less deformation in 
waveform, permitting good recording and reproduction. In addition, the signal recorded on this medium 
could readily be reproduced through a commercially available CD player. In addition, when reproduced at 
635 nm, the reflectance was 26%, the 13/ltop was 0.39, and the recording mode was high-to-low. In addition, 
the error rate and the jitter value were extremely small, permitting good reproduction. 

so 

COMPARATIVE EXAMPLES 12 AND 13 

Example 23 was repeated to produce and estimate media with the light interference layers of 60 nm 
(Comparative Example 12) and 230 nm (Comparative Example 13) in thickness. 
5S In the light interference layer of the medium according to Comparative Example 12, the product of the 
refractive index and the film thickness, i.e., ni x di. was 87. The reflectance at the wavelength of 635 nm 
was 9%. The recording mode was k>w-to-high mode with a small degree of moduJation. This medium thus 
could not be played back by a player for high density. On the other hand, the light interference iayer of the 
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medium according to Comparative Example 13 had ni x dl of 334. The reflectance at the wavelength of 780 
nm was 55%. This medium could not be played back by using a commercially available CD player. 

COMPARATIVE EXAMPLE 14 

5 

Example 23 was repeated 1o produce and estimate a medium having a recording layer of 160 nm thick 
by using a heptamethine cyanine dye NK3219 (Nippon Kanko Shikiso Kenkyusho KK) and a silicone resin 
light interference layer of 140 nm thick formed thereon. 

For the optical constants of this recording layer, the refractive index was 2.6, and the attenuation 

10 coefficient was 0.11 at the wavelength of 780 nm. The refractive index and the attenuation coefficient were 
1.9 and 1.31, respectively, at 680 nm while the refractive index and the attenuation coefficient were 1,09 
and 1 ,21 , respectively, at 635 nm. In addition, the refractive index of the light interference lay^ ni was 1 .40 
at each wavelength of 780 nm. 680 nm and 635 nm. Therefore the product of the refractive index and the 
film thickness (ni x di) was 196. 

15 Next, this medium was subjected to recording and reproduction estimation in the same manner as in 
Example 23. As a result, the reflectance was 71%, the error rate was less than 5 cps, and the degree of 
modulation was sufficiently large at 780 nm. In addition, the jitter value was smalt and the reproduced signal 
had less deformation in waveform, permitting good recording and reproduction. In addition, the recorded 
signal on this medium could readily be reproduced through a commercially available CD player. However, 

20 when the medium recorded at 780 nm was reproduced at 680 nm and 635 nm. the reflectance was 8% and 
9%, respectively arxJ the recording mode was tow to high. In addition , the degree of modulation was low, 
and thus reproduction was difficult. 

EXAMPLE 27 

25 

0.2 g o1 Ni metal complex of the azo dye represented by the formula (18) was dissolved Into 10 ml of 
2,2,3,3-tetrafluoro-1-propanol (produced by Tokyo Kasei KK) to prepare a dye solution 1. 

A substrate used was a polycarbonate substrate of a disc shape having a thickness of 1.2 mm and a 
diameter of 120 mm<^ and having a spiral pre-groove formed on its surface with a depth of 170 nm. a width 

30 of 0.5 urn, and a pitch of 1 .6 nm. 

The dye solution 1 was coated on the surface of the substrate by spin coating at a rotation rate of 1500 
rpm to form a layer. This layer was dried at 70 "C for 2 hours to provide a light interference layer having a 
film thickness of 80 nm. For the optical constants of this light interference layer, the refractive index (the 
real part of the complex refractive index) was 1 .9, and the attenuation coefficient (the imaginary pari of the 

35 complex refractive index) was 0,05 at the wavelength of 780 nm. The refractive index and the attenuation 
coefficient were 2,1 and 0.04, respectively, at 680 nm while the refractive index and the attenuation 
coefficient were 2.5 and 0.10, respectively, at 635 nm. The product of the refractive index and the film 
thickness (ni x di) at 780 nm, 680 nm, arxjl 635 nm is thus 152, 166, and 200, respectively. 

A dye solution 2, obtained by dissolving 0,25 g of phthatocyanine dye represented by the formula (31) 

40 into 10 ml of 1,2-dimethylcyclohexane, was coated on the light interference layer by spin coating at a 
rotation speed of 1600 rpm. This solution was dried at 70 '0 for 2 hours to form a recording layer. For the 
optical constants of this recording layer, the refractive index and the attenuation coefficient were 2,2 and 
0.08, respectively, at 780 nm, the refractive index and the attenuation coefficient were 1.2 and 0.49, 
respectively, at 680 nm, and the refractive index and the attenuation coefficient were 1.1 and 0.34, 

45 respectively, at 635 nm. 
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(31) 



20 

Then, an Au film was formed by sputtering on thrs recording layer by using a sputtering device CDI-SOO 
(available from Balzers Co.) to form a reflective layer of 100 nm thicic. An ultraviolet curing resin SD-17 
(available from Dainippon Ink Chemicals) was coated on the reflective layer by spin coating, to which an 
ultraviolet ray was irradiated to form a protective layer of 6 um in thickness, 

25 To the optical reoordir^ medium obtained, a l^er was irradiated at a itnear speed of 2.8 m/sec. with a 
recording power of 8 mW to record EFM signals by using a writer CCD-521 (available from Phillips Co.) 
with a laser head for a semiconductor laser of 780 nm. After recording, the recorded signal was reproduced 
by using a commercially available CD player (YAMAHA CDX-1050; laser wavelength 786 nm) to measure 
the reflectance, the error rate, and 13/ltop. As a result, the reproduced waveform had less deformation that 

30 satisfies the Orange Book Standards. Next, the recorded signal was reproduced and estimated by using an 
optical disc estimation device DDU-1000 (available from Pulstec Industrial Co., Ltd.) wl^ a laser head for a 
red semiconductor lasers of 680 nm and 635 nm to measure the reflectance, the error rate, and the degree 
of modulation (13/ltop). The resufts were good. 

To the optical recording medium obtained, a laser was irradiated at a linear speed of 5.6 m/sec. with a 

35 recording power o1 10 mW to record EFM signals by using an optical disc estimation device DDU-1000 
(available from Pulstec Industrial Co., Ltd.) with a Jaser head for a red semiconductor laser of 680 nm and 
EFM encoder (available from KENWOOD), After recording, the recorded signal was reproduced by using an 
estimation device with red semiconductor laser heads for 680 nm and 635 nm to measure the reflectance, 
the error rate, and 13/ltop. The results were good. This recorded medium was pJayed back by a 

40 commercially available CD player (YAMAHA CDX-1050; laser wavelength 786 nm) to reproduce the signal 
recorded with the drive {DDU-1000) at 680 nm. The reflectance, the error rate, and 13/ltop were then 
measured. The results were good values satisfying the Orange Book Standards. 

EXAMPLE 28 

45 

Example 27 was repeated to produce an optical recording medium except that the order of coating was 
reversed, i.e.. the phthalocyanine dye (formula (31)) was applied as the recording layer, and on which the 
azo dye (Ni metal complex of formula (18)) was coated as the light interference layer. 

The medium obtained was subjected to recording and reproduction estimation in the same manner as 
so in Example 27. The results were good in respect to the recording characteristics at each wavelength. 

EXAMPLE 29 

Example 27 was repeated to produce an optical recording medium except that 0.2 g of azo dye 
55 represented by the following formula (32) was used for the light intederence layer. The film thickness of the 
light interference layer was 100 nm. For the optical constants of this light interference layer, the refractive 
index and the attenuation coefficient were 1 .8 and 0.06, respectively, at 780 nm, the refractive index and the 
attenuation coefficient were 2.0 and 0.05, respectively, at 680 nm, and the refractive index and the 
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attenuation coefficient were 2,3 and 0,09. respectively, at 635 nrn. The product of the refractive Index and 
the film thickness <ni x di) at 780 nm, 680 nm, and 635 nm Is thus 180* 200, and 230. respectively. 



The medium obtained was subjected to recording and reproduction estimation in the s^e manner as 
in Example 27. As a result, the recording characteristics were good at each wavelength, 

15 EXAMPLE 30 

Example 29 was repeated to produce an optical recording medium except that the order o1 application 
was reversed, i.e., the phthalocyanine dye (formula (31)) was applied as the recording layer, on which the 
azo dye {formula <32)) was coated as the light interference layer. 
20 The medium obtained was subjected to recording and reproduction estimation in the same manner as 
in Example 27. As a result, the recording characteristics were good at each wavelength. 

EXAMPLES 31 THROUGH 37 

25 Example 28 was repeated to produce a medium with the light interference layer for estimation except 
that the dye used was a combination of metal complexes of the azo dyes, which were represented by the 
formulae (18), and (20) through (23), and the phthalocyanine dyes represented by the formulae (28) through 
(31). Table 7 shows combinations of the dyes, the optical constants (refractive index (n) and attenuation 
coefficient (k)) of the recording and light interference layers at 780, 680, and 635 nm, the film thickness (d) 

30 of the light interference layer, and the product of the refractive index and the film thickness, Le., nl x di. 

All media were in a high-to-low recording mode with a large degree of modulation at 780 nm, 680 nm. 
and 635 nm. The error rale and the jitter value were small to provide good reproduction. 
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EXAMPLE 






32 


33 


34 


35 


3^ 


37 


5 


RECORDING 
LAYER 


CHEMICAL 
FORMULA No 


28 


29 


30 


31 


28 


28 


31 


to 


INTERFERENCE 
LAYER 


CHEMICAL 
FORMULA No 


18 


20 


21 


22 


23 


18 


22 




METAL 


Ni 


Co 


Ni 


Ni 


Pd 


Ni 


Ni. 






THICKNESS 
OF FILM (nm) 


80 


90 


90 


80 


75 


100 


60 


15 


OPTICAL CONSTANTS 
RECORDING LAYER 


















780nm 


n *1 


2.2 


2.3 


2,0 


2.2 


2 . 2 


2 . 2 


2.2 


20 




k *2 


0.08 


0, 12 


0, 06 


0.10 


0.08 


0.08 


0.10 




680nin 


n 


X-2 


1.3 


1.3 


1,2 


1.2 


1 - 2 


1-2 






k 


0.49 


0- 51 


0-47 


0. 45 


0-49 


0 . 49 


0.45 


26 


635nin 


n 


1,2 


1.2 


1.2 


1-1 


1.2 


1.2 


1.1 






k 


0.34 


0.30 


0.30 


0. 28 


0-34 


0-34 


0.28 




INTERFERENCE LAYER 
















30 


780nni 


n 


1 . 9 


1 8 


1 9 


1 9 


1 9 


1 9 


1 9 






k 


0.05 


0. 10 


0. 10 


0.11 


0. 12 


0. 05 


0. 11 




680nin 


n 


2,1 


1*9 


2.0 


2.0 


2.1 


2.1 


2.0 


35 




k 


0.04 


o.od 


0.10 


0.10 


0.12 


0.04 


0.10 




635nm 


n 


2,5 


2,4 


2.4 


2-5 


2-6 


2.5 


2*5 


40 




k 


0.10 


0.11 


0.12 


0.13 


0,14 


0-10 


0-13 


ni X di *3 


7B0nm 


152 


162 


171 


152 


143 


190 


114 






&B0nm 


168 


171 


180 


160 


158 


210 


120 


45 




635nm 


200 


216 


216 


200 


195 


250 


150 



*1 n: refractive index *2 k: attenuation coefficient 

*3: refractive index x film thickness of interference layer 



so 

COMPARATIVE EXAMPLE 15 

Example 27 was repeated to produce an optical recording medium except that the film thickness of the 
azo dye of the light interference layer was changed to 35 nm. The product of the refractive index and the 
65 film thickness (ni x di) at 780» 680, and 635 nm were 64, 74. and 88, respectively. 

The medium obtained was estimated in the same manner as in Example 27, As a result, the 
reproduced signal had a waveform with deformation at 680 and 635 nm. In addition, the reflectance was 
low. 
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COMPARATIVE EXAMPLE 16 

Example 27 was repeated to produce an optical recording medium except that the fitm thickness of the 
azo dye of the light interference layer was changed to 160 nm. The product of the refractive index and the 
5 film thickness {ni x dl) at 780, 680, and 635 nm were 304, 336, and 400, respectively. 

The medium obtained was estimated in the same manner as in Example 27. As a result, the 
reproduced signal had a waveform with deformation at 786. 680 and 635 nm. In addition, the reflectance 
was low. 

w COMPARATIVE EXAMPLE 17 

Example 28 was repeated to produce an optical recording medium except that only the recording layer 
was applied. 

The medium obtained was estimated in the same manner as in Example 27. As a result, the 
75 reproduced signal had a waveform with deformation at 6S0 and 635 nm. In addition, the reflectance was 
low. 

Table 8 shows the characteristics (reflectance, error rate, and degree of modulation) of the reproduced 
signal obtained at wavelengths of 786, 680. and 635 nm for cases where the signals were recorded at 780 
and 680 nm in Examples 27 through 37 and Comparative Examples 15 through 17. 
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55 Claims 



1. An optical recording medium having at )east a dye-containing recording layer and a reflective layer 
laminated on a transparent substrata in this order* the medium having a reflectance of 65% or higher, 
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measured through the substrate, to the light beam having a selected wavelength (X1) of from 770 to 
830 nm and having a reflectance of 15% or higher, measured through the substrate, to the light beam 
having a selected wavelength (X2) of from 630 to 690 nm, the medium therd3y being recordable and 
reproducible with a laser beam having the wavelength of X1 and being reproducible with a laser beam 
5 having the wavelength of X2. 

2. An optical recording medium as claimed in Claim 1« wherein the reflective layer is deposited drrectly on 
the recording layer, and the following relationsNps hold: 

TO n1 ^ 1.8. 

0.04^ k1 <0J5, 

n2 ^ 1 ,6. and 
0.04 ^ k2 ^ 0.4, 

T5 where n1 is a value of the real part of the complex refractive index of the recording layer to a light 
beam having a wavelength of XI, k1 is an absolute value of the imaginary part of the complex refractive 
index of the recording layer to a light beam of X1, n2 ts a vaiue of the real part of the complex 
refractive index of the recording layer to a light beam having a wavelength of X2, and k2 is an absolute 
value of the imaginary part of the complex refractive index of the recording layer to a light beam of X2. 

20 

3. An c^tical recording medium as claimed in Claim 1 , wherein the reflective layer is deposited directly on 
the recording layer, the absorbance of the recording layer to the light beam having the wavelength of 
K1 being from 0.03 to 0,3, while the absorbance of the recording layer to the light beam having the 
wavelength of X2 being from 0.03 to 0.5. 

4. An optical recording medium as claimed in Claim 2 or 3, wherein the recording layer contains a dye A 
having the absorption maximum at the wavelength shorter than 630 nm and a dye B having the 
absorption maximum at the wavelength of from 630 to 900 nm, the rate of the dye A being in a range 
from 80 wt.% to 99.9 w1.%, and the rate of the dye B being 0,1 wt.% or larger to 20 wt.% or smaller. 

5. An optical recording medium as claimed in Claim 4, wherein the dye having the absorption maximum at 
the wavelength shorter than 630 nm is selected from the group consisting of monocarbocyanine 
(trimethine cyanine), azo, tetraazaporphyrin, and porphyrin. 

35 6. An optfcal recording medium as claimed in Claim 2 or 3, wherein the reflective layer ts made of gold, 

7. An optical recording medium as claimed in Claim 5, wherein the reflective layer is made of gold. 

8. An optical recording medium as claimed in Claim 2 or 3, wherein the reflectance to the light beam 
4o having the wavelength of X2 is 20% or hither. 

9. An optical recording medium as claimed in Claim 7, wherein the reflectance to the light beam having 
the wavelength of X2 is 20% or hither. 

45 10, An optical recording medium as claimed in Claim 1 having an interference layer provided between the 
substrate and the recording layer, or between the recording layer and the reflective layer, the optical 
recording medium holding the following relationships: 

nV a 1.8, 

50 0.04^ kl'^ 0.15, 

n2* ^ 1.1, and 
0.04 ^ k2* ^ 0.6, 

where nT is a value of the real part of the complex refractive index of the recording layer to a light 
55 beam having a wavelength of XI. kl* is an absolute value of the imaginary part of the complex 
refractive index of the recording layer to a light beam of XI, n2' is a value of the real part of the 
complex refractive index of the recording layer to a light beam having a wavefength of X2, and k2' is an 
absolute value of the imaginary part of the complex refractive index of the recording layer to a light 

50 

BNSOOCID: <BP ^0676751 A 1_l_> 



BP 0 676 751 A1 



beam of X2, 

the dye used for the recording layer being a phthaiocyanine dye represented by the general 
formula (1 ): 



10 



15 




(1) 



wherein M is two hydrogen atoms, metals, metal oxides, or metaf halides; Y1 , Y2, Y3, and Y4 each are 
oxygen or sulfur; Z1, Z2, Z3, and Z4 each are a hydrocarbon group having from 4 to 12 carbon atoms 
or a group having from 4 to 12 carbon aton^ and one or more atoms of at least one element selected 
25 from the group consisting of oxygen, nitrogen, sulfur and halogen; X1, X2, X3, and X4 each are a 
halogen, 1u b, and U each are 1 or 2; and m^, ma. ma. and m4. each are an integer of from 0 to 3. 

11. An optical recording medium as claimed In Claim 10, wherein the following relationships hold to both 
light beams of X1 and X2: 

30 

100^ ni xdi ^300. 

wherein nl Is a refractive index of the interference iayer, and di Is a film thickness (nm) thereof. 

35 12. An optical recording medium as cisumed in Claim 10 or 11, wherein the interference layer ts made of an 

inorganic dielectric or a polymer, 

13. An optical recording medium as claimed in Claim 12, wherein the reflective layer is made of gold. 

40 14. An optical recording medium as claimed in Claim 13, wherein the reflectance to the light of \2 is 20% 

or higher. 

15. An optical recording medium as claimed in Claim 10 or 11, wherein the interference layer is made of 
dyes, the absolute value of the imaginary part of the complex refractive index of the dye t>eing 0,15 or 
4s smaller to the light beam of X1 and being 0.2 or smaller to the light beam of X2. 

IS. An optical reccxding medium as claimed in Claim 15, wherein the dye used for the interference layer is 
an azo dye. 

50 17. An optical recording medium as claimed in Claim 15, wherein the dye used for the Interference layer is 
an azo dye or a metal complex of the azo dye represented by the general formula (2): 
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(2) 



/ 

X 
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wherein A is a residue forming a heterocyclic ring along with the nitrogen and carbon atoms bonded 
therewith; B Is a residue forming an aromatic ring along with two carbon atoms bonded therewith: and X 
is a group having an active hydrogen. 

5 18- An optical recording medium as claimed in Claim 17» wherein the reflective layer is made of gold. 

19. An optical recording medium as claimed in Claim 18» wherein the reflectance to the light of \2. is 20% 
or higher, 

w 20. A method of recording and reproducing information on and from an optical recording medium having at 
least a dye-containing recording iayer and a reflective layer laminated on a transparent substrate in this 
order, the medium having a reflectance of 65% or higher, measured through the substrate, to the light 
beam having a selected wavelength (X1) of from 770 to 630 nm and having a reflectance of 15% or 
higher, measured through the substrate, to the light beam having a selected wavelength (X2) of from 

16 630 to 690 nm, the method comprising the steps of recording and reproducing information on and from 
the medium with a laser beam having the wavelength of XI and reproducing the information recorded at 
the wavelength X1 from the medium with a laser beam having the wavelength of X2. 
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